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Pages 12 to 14, table I: The points where the afterbodies begin are not identified; they 
are  as follows: 
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Page 14, table I(c): The orifices located at r = 2.000 inches are  on the afterbodies; 
therefore, they have surface slopes of Oo instead of the values listed. 



APPLJCATION OF GENERALIZED NEwT0KLA.N THEORY 

TO THREE-DIMENSIONAL SHARP-NOSE SHOCK-DETACHED BODIES 

AT MACH 6 FOR ANGLES OF ATTACK UP TO 2 5 O  

By George C. Ashby, Jr., and Theodore J. Goldberg 
Langley Research Center 

SUMMARY 

Pressure distributions were obtained for three-dimensional sharp-nose 
parabolic-arc, circular-arc, and conical bodies having an apex half-angle 
greater than that for shock detachment (aerodynamically blunt bodies) at 
Mach number of 6 for angles of attack up to 25'. 
cient was found to increase continuously from the shock-attachment value to the 
stagnation value behind a normal shock between apex deflection angles of 56O and 
6i0, 65O, or 6g0 depending on the body contour. 
are correlated very well by the generalized form of Newtonian theory. 
tion, at all angles of attack for all aerodynamically blunt bodies having curved 
surfaces, the agreement between the generalized form of the Newtonian theory and 
the measured values of pressure coefficient was reasonably good for surface- 
deflection angles above 30'. 
most three-dimensional bodies by the methods shown herein. With few exceptions, 
at a given surface deflection angle the pressure distributions rearward of the 
maximum pressure on the 1.80' and 0' meridians of aerodynamically blunt cones are 
essentially coincident with those of cones having higher and iower half-angles, 
respectively. In addition, the pressure distributions of these cones are in 
good agreement aft of the maximum pressure point with those of a flat plate and 
aerodynamically blunt wedges at corresponding deflection angles of 66O and above. 

The maximum pressure coeffi- 

The data for contoured bodies 
In addi- 

This theory can be used to predict pressures on 

INTRODUCTION 

The need for a simple and reasonably accurate method of rapidly predicting 
the pressure distributions on bodies in hypersonic flow has prompted numerous 
investigations of the applicability of the Newtonian theory for such purposes. 
Various modifications of the basic Newtonian equation 

c = K sin% P 
where Cp is the pressure coefficient and 6 is the flow deflection angle have 
been found to give reasonably good predictions of the pressure distributions on 
different bodies if the proper value of the constant K is chosen. For example, 
it is shown in reference 1 that with K = (7 + 1) the theory is applicable only 
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t o  bodies having small leading-edge angles; and i n  reference 2, with K = %,stag 
the  theory is  l imited t o  bodies having 90' leading-edge o r  apex slopes. A more 
recent consideration of the Newtonian theory i s  presented i n  reference 3, which 

t ionship resul ted i n  the  generalized form of Newtonian theory 
suggests that i n  the general case K has the form %,max/sin 2 Fjmax. This re la-  

CD sin2& a. - 
C!p,max - 2  sinFjmaX 

which w a s  shown t o  correlate  and predict  the  surface pressure d is t r ibu t ion  rea- 
sonably well  f o r  pointed-nose bodies having leading-edge o r  apex half-angles l e s s  
than t h a t  f o r  shock detachment as  well  a s  f o r  bodies having a 90' leading-edge 
o r  apex slope. 
Newtonian theory can be derived by resort ing t o  the  tangent-cone approximations.) 
The va l id i ty  of t h i s  form was fur ther  substantiated i n  reference 4 where it was 
shown t o  apply t o  two-dimensional bodies with leading-edge half-angles greater  
than t h a t  f o r  shock detachment (aerodynamically blunt bodies) provided they have 
curved surfaces. 

(Unpublished work also shows t h a t  t h i s  generalized form of  

Because of the  complete lack of experimental pressure dis t r ibut ions f o r  
three-dimensional aerodynamically blunt bodies a t  hypersonic speed, it has not 
been possible t o  determine the  appl icabi l i ty  of t he  generalized form of Newtonian 
theory t o  these bodies. Such shapes may be of current i n t e re s t  f o r  configura- 
t ions  entering in to  the  ea r th ' s  atmosphere a t  speeds i n  excess of ear th  parabolic 
speed f o r  which the radiat ive heating i s  much grea te r  than the convective heating- 
( re f .  5 ) .  
power of the  s ine of the  shock angle, even small decreases i n  shock angles which 
may be obtained from these bodies can appreciably decrease the  radiat ive heating. 
A par t  of the  atmospheric descent of such bodies will be flown a t  hypersonic 
speeds and the  analysis of the aerodynamic forces and moments, as well as  of the  
convective heat t ransfer ,  w i l l  require estimates of the pressure dis t r ibut ions.  
I n  addition, as  shown i n  reference 6, these data, along with the two-dimensional 
data of reference 4, may be applicable t o  the leading edge and nose of de l ta  
wings at  m e r s o n i c  speeds. 

Since the  rad ia t ive  heating a t  these speeds var ies  as about the  15th 

The purpose of t h i s  paper i s  t o  provide experimental pressure dis t r ibut ions 
on a ser ies  of three-dimensional parabolic-arc, circd-ar-arc,  and conical bodies 
having apex half-angles from 5 6 O  t o  90' and t o  determine the  appl icabi l i ty  of 
t he  generalized form of Newtonian theory of reference 3 t o  t h i s  class of bodies. 
The pressure d is t r ibu t ions  were measured i n  the  Langley 20-inch Mach 6 tunnel a t  
angles of a t tack up t o  25'. 

SYMBOLS 

P - Poo 
pressure coeff ic ient ,  cP 

K constant 
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M free-stream Mach number 

P pressure 

rb base radius 

S distance along body surface from nose 

SC total length of cone surface 

x,r body coordinates 

a angle of attack 

Y 
6 local inclination of body surface referenced to wind axis 

ratio of specific heats (1.4 for air) 

e local inclination of body surface referenced to body axis (see sketch 
in table I) 

9 angular coordinate of meridional plane 

Subscripts: 

a apex 

geom geometric 

2 local 

max maximum 

meas measured 

stag stagnation behind normal shock 

t total or stagnation conditions 

W free-stream conditions 

APPARATUS AND METHODS 

Wind Tunnel and Models 

" h i s  investigation was conducted in the Langley 20-inch Mach 6 tunnel. This 
tunnel, which has been described in reference 7, is a blowdown-to-atmosphere type 
capable of operation at stagnation pressures of 7 to 38 atmospheres and a m a x i "  
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stagnation temperature of 600' F. 
dimensional nozzle blocks forming a t e s t  section 20.5 inches high and 20 inches 
wide. 

The Mach number i s  achieved with fixed two- 

The three groups of 4 three-dimensional models used i n  this investigation 
(fig.  1) consisted of parabolic-arc, circular-arc,  and conical bodies which w e r e  
analyt ical ly  derived so that the  apex half-angles of each group were 56O, 66O, 
@O, and goo. These models are ident i f ied  herein by t h e i r  apex half-angles and 
contours. These contours w e r e  selected because the  cone and parabolic arc  rep- 
resent t he  minimum and maximum surface curvature, respectively, whereas the  c i r -  
cular arc  represents an intermediate curvature. 
diameter a t  the  base with a constant afterbody length of 2.56 inches. 
bodies incorporated a "quick-disconnect'' type of connection t o  f a c i l i t a t e  model 
changes. A photograph of one of t he  models attached t o  the  support connection 
i s  shown i n  f igure  2. 
180° meridians with.additiona1 o r i f i ce s  located a t  the  45O, Po, 135', and 
270' meridians. The model dimensions along with the  o r i f i c e  locations x,r ,  t he  
loca l  incl inat ions a t  t he  o r i f i ce s ,  and the  surface distances nondimensionalized 
by the  base radius are presented i n  tab le  I. The inside o r i f i c e  diameter f o r  a l l  
models was 0 .21 inch  near the  nose and 0.063 inch a t  a l l  other o r i f i ce  locations. 

A l l  models were 4.0 inches i n  
These 

The majority of o r i f i ce s  were located along the  0' and 

The models w e r e  supported i n  the  tunnel by the  gooseneck support system 
shown i n  f igure 3,  which moved the  model 25' i n  angle of a t tack i n  the horizontal  
plane. 
port  system w a s  used t o  measure the  angle of  attack. Deflections due t o  a i r  
loads were assumed t o  be negligible because of t he  s t i f fnes s  of the s t ing  support. 

A mechanically operated counter geared t o  the  v e r t i c a l  shaft  of t he  sup- 

Tests 

A l l  models were t e s t ed  i n  5' increments over an angle-of-attack range of 0' 
t o  25'. 
a t tack  f rom 0' t o  14'. 

I n  addition, t he  56O models were tes ted  i n  lo increments a t  angles of 

A l l  tests reported herein were conducted a t  a stagnation pressure of 
400 lb/sq in .  abs and a sta 
number per  foot  of 7.6 x 10 . 

a t ion  temperature of 400' F, which yields  a Reynolds t? 
Pressure data were recorded by photographing a multiple-tube mercury manom- 

e t e r  for pressures greater  than 1 lb/sq in .  abs. 
o r  l e s s ,  a butyl  phthalate manometer was used t o  obtain greater  accuracy because 
of t he  low specif ic  gravi ty  of t h i s  f luid.  ".ne1 stagnation pressure w a s  meas- 
ured with a 0 t o  600 lb/sq in .  Bourdon gage. 
recorded simultaneously f o r  a given run. 

For pressures of 1 lb/sq in.  abs 

A l l  pressures were photographically 

Data Reduction and Accuracy 

The data were reduced on the  basis  of t he  known Mach number dis t r ibut ion as 
explained i n  reference 4. 
l oca l  pressure on model t o  tunnel stagnation pressure) w a s  not equal t o  the  t o t a l  
pressure r a t i o  across a normal shock f o r  a Mach number within the  known tunnel 
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Mach number var ia t ion (5.99 5 0.005), the  Mach number dis t r ibut ion,  which matched 
a previous tunnel calibration, w a s  used. 

The location of t he  maxi" pressure point f o r  each model a t  each angle of 
a t tack was determined from fa i r ed  curves of pz/pt against 8 on the  0' and 
180° meridians. If no peak occurred beyond the  first o r i f i ce ,  the  values of 

and Emx. cP ,maX 
and 8 a t  t h e  first o r i f i ce  were used t o  compute P l P t  

If a peak occurred downstream of the  f i rs t  o r i f i ce ,  the  f a i r ed  values were used 
t o  compute CP,- and Emax. 

The maxi" er ror  of t h e  measured pressures i s  believed t o  be l e s s  than 
1 percent of the  maximum measured value on the  body. Model alinement and angles 
of a t tack a re  believed t o  be accurate t o  b e t t e r  than 51/2'. The accuracy of t he  
x,r  coordinates of t he  model o r i f i ce s  i s  kO.001 inch. The measured coordinates 
were used t o  compute the  slopes f o r  a l l  or i f ices .  

FGSULTS AM) DISCUSSION 

Experimental Results 

Basic data.- The pressure dis t r ibut ions f o r  the  three-dimensional aerody- 
namically blunt bodies a re  presented i n  f igures  4, 5 ,  and 6 f o r  angles of a t tack 
up t o  25O.  
at tack are presented i n  f igure 7 t o  show the  var ia t ion of t he  shock shape with 
changes i n  apex half-angle and body contour. 

I n  addition, schlieren photographs of a l l  the  bodies a t  Oo angle of 

Maximum pressure coefficient.-  The maximum pressure coefficient on the  
180' meridian i s  p lo t ted  against the  apex deflection angle f o r  each of the  bodies 
i n  figure 8. Stagnation values of pressure coeff ic ient  occur f o r  apex deflection 
angles equal t o  o r  greater  than 6g0, 6 5 O ,  and 6 1 O  f o r  the  parabolic-arc, cfrcular- 
arc,  and conical bodies, respectively. For apex deflection angles below these 
values, t he  maximum pressure coeff ic ients  decrease continuously toward the  
attached-shock value f o r  each of the respective groups of bodies. It i s  of 
i n t e re s t  t o  note that this trend i s  similar t o  t h a t  found f o r  the  two-dimensional 
bodies reported i n  reference 4 except t ha t  t he  5,- curves f o r  t h e  parabolic- 
arc  and circular-arc bodies were coincident i n  the  two-dimensional case. The 
maximum pressure coeff ic ients  that are  predicted by the  modified Newtonian theory 
using K = and K = y + 1 are also shown i n  f igure 8 f o r  comparison. 

Figure 9 shows t h a t  on the  0' meridian a l l  measured values of Cp,max vary 
Only f o r  t he  56' bodies do the  values 

f o r  a l l  shapes investigated f a l l  along the  same curve and agree w i t h  
with apex half-angle and angle of attack. 
of 
t h e  modified Newtonian theory (K = y + 1). 
variat ion of 
Newtonian theory (K = Cp,stag) u n t i l  a t  6a = 9Go t he  curved surface bodies 
agree w i t h  t h i s  theory as expected. 

%,max 
A s  apex half-angle increases, t he  

w i t h  deflection angle approaches tha t  predicted by modified Cp,= 
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b c a t i o n  of maximum pressure -~ coefficients.-  The location of the  maximum 
pressure coeff ic ients  would be expected t o  occur a t  the point (herein referred t o  
as the  geometric locat ion)  where the  slope r e l a t ive  t o  the  flow i s  the greatest .  
A comparison of the  geometric and measured slopes a t  which the maximum pressures 
occurred on both the  180° and 0' meridians of t he  parabolic-arc and circular-arc  
bodies i s  shown i n  f igure  10. It must be remembered tha t  physical l imitat ions 
prevented the  in s t a l l a t ion  of the  first o r i f i c e  exactly at the apex; therefore,  
i n  comparing the  measured location with the  geometric location of %,-, the  
locations w i l l  be considered coincident whenever the  measured locations d i f f e r  
from the  geometric locations by the  same difference as that indicated a t  
0' angle of attack. On the  180° meridian ( f ig .  l O ( a ) ) ,  only f o r  the 90' bodies 
do the  measured and geometric locations coincide over the  angle-of-attack range 
investigated. For a l l  other bodies the measured location of Cp,- moves rear- 
ward before the  angle r e l a t ive  t o  the  flow becomes 90'. This resu l t  i s  a t t r i b -  
uted t o  the pressure bleed-off around the  apex. The maximum difference between 
the geometric and measured location of CP,- f o r  any body through the  angle- 
of-attack range of the  t e s t s  i s  only about 8'. The same resu l t  was found f o r  t he  
two-dimensional bodies i n  reference 4. On the  Oo meridian the location of the 
maximum pressure remained a t  the  nose over the  angle-of-attack range of the  t e s t s  
as  expected and shown i n  f igure 10(b).  

Comparison of the  180Oand 0' meridian pressure dis t r ibut ions on cones a t  
corresponding deflection angles. - The 180° and 0' meridian pressure dis t r ibut ions 
i n  terms of the  %,z/$,- against s/sc f o r  cones a t  approximately constant 
surface-deflection angles a re  presented i n  f igure  11. With few exceptions, a t  a 
given deflection angle the  pressure d is t r ibu t ions  rearward of the  maximum pres- 
sure point on the  180° and 0' meridians a re  essent ia l ly  coincident with those of 
corresponding surfaces of cones having higher and lower half-angles, respec- 
t ively.  Since the  values of Cp," on the  180° meridian a re  constant 
( f ig .  l l ( a ) ) ,  the  pressure coeff ic ients  aft  of the  maximum pressure on t h i s  
meridian a t  a given location of a l l  cones a t  t he  same deflection angle a re  a lso 
coincident. However, on the 0' meridian the  value of Cp,max varies not only 
with deflection angle but a lso w i t h  cone angle. It should be noted tha t  f o r  
S h 6 6 O ,  the  d is t r ibu t ions  on the  180° and 0' meridians f o r  the  same agree 
reasonably well. 
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Also included i n  f igure  11 are  f l a t -p l a t e  pressure dis t r ibut ions from ref-  
erence 8 a t  approximately the  same deflection angle as  the  cone surfaces. In  
general, the  pressure dis t r ibut ions on the  180° and Oo meridians of the  cones 
a re  i n  reasonably good agreement a f t  of the  maximum pressure point with those 
of the  f l a t  p l a t e  at deflection angles of 66' and above. 
reference 4 t h a t  t he  pressure dis t r ibut ions on the  lower and upper surfaces of 
wedges were also i n  good agreement with those of a f la t  p l a t e  a t  deflection 
angles of 66' and above, the  pressure d is t r ibu t ions  on cones are  about the same 
as  those on wedges a t  these deflection angles. I n  addition, the maximum pres- 
sure coeff ic ients  on the  1.80~ meridian a re  the same as  those on the f l a t  p l a t e  
( f ig .  l l ( a ) )  and on the  windward surface of wedges ( re f .  4); therefore, the  
loca l  pressure coeff ic ients  on these three  configurations a r e  coincident. The 
agreement i n  both the  pressure l eve l  and d is t r ibu t ion  might not be envisioned 
since the three-dimensional var ia t ion of the  flow over cones would be expected 

Since it w a s  shown i n  
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t o  a f fec t  t he  pressure d is t r ibu t ions  different ly  than the  two-dimensional varia- 
t i on  of the  flow over the  f l a t  p l a t e  and wedges. 

Correlation of Pressure Distributions by the 

Generalized Form of Newtonian Theory 

Cones.- Since the  prediction of the pressure d is t r ibu t ion  f o r  any body by 
means of the  generalized form of Newtonian theory i s  bas ica l ly  dependent upon 
the body having a changing slope, the  theory obviously cannot be applied i n  the  
same manner t o  cones as  t o  bodies having curved surfaces. However, it i s  shown 
i n  reference 3, t h a t  by using pressures computed from attached shock theory, the  
generalized form of Newtonian theory i s  applicable from one cone t o  another, f o r  
cone angles l e s s  than shock detachment a t  0' angle of attack. 
namically blunt cones of the present investigation it i s  apparent from figure 6 
t h a t  the large and varied pressure gradients prevent any correlation by the gen- 
eral ized form of Newtonian theory. Since the  data of the  present investigation 
cover the  range of aerodynamically blunt cones, the pressure dis t r ibut ion of any 
cone i n  this regime can be obtained by interpolat ing these data. 
the  good agreement i n  pressure d is t r ibu t ion  from cone t o  cone a t  the same deflec- 
t i on  angles, as well  as  t he  agreement from cones t o  a f l a t  p l a t e  and wedges t o  a 
f l a t  p l a t e  at corresponding deflection angles, enables the pressure d is t r ibu t ion  
t o  be obtained f o r  any one configuration i f  e i the r  of t he  other two are  known. 

For the  aerody- 

In  addition, 

Parabolic- and circular-arc  bodies.- The data f o r  each meridian a re  reduced 
i n  the-generalized form of the  Newtonian theory by using t h e i r  respective meas- 
ured Cp,- values. It should be noted that the  45' and 135' meridians con- 
tained only two o r i f i c e s  both of which were located a t  slopes considerably l e s s  
than those of the apex half-angles. The r e su l t s  f o r  the  parabolic- and circular-  
arc  models together with the  generalized form of Newtonian theory prediction 
using the  measured CP,- and the  associated E m u  a r e  presented i n  f igure  12. 
A s  can be seen from the  f igure,  the data f o r  both the  parabolic-arc and 
circular-arc bodies throughout the  angle-of-attack range were i n  general corre- 
l a t ed  very well. 
( f ig .  l 2 ( c ) )  which were noted before t o  be on the  aft  portion of the body and 
therefore would not necessarily correlate  well  because of t h e i r  low deflection 
angles (6 < 30'). 

The exceptions a re  primarily the points along the  45O meridian 

The agreement between the  measured and theore t ica l  values i n  percent of the  
measured Cp 

of the  measured and predizted values of 
percent of measured $ a re  presented i n  t ab le  11. As might be expected, the  
agreement i s  best  near t he  nose where the  body slope is  high, and becomes pro- 
gressively poorer as the  surface incl inat ion decreases; however, t he  agreement 
does not become poorer than about 20 percent of the  measured Gp 
face incl inat ion of 30' ( the  l i m i t  t o  which modified Newtonian theory i s  known 
t o  predict  the pressures very w e l l  on spheres). 
a t  incl inat ions below 30° may not be very s ignif icant  because the  pressures a re  

cannot be made d i rec t ly  from f igure  12 because the  values of 
a r e  not constant f o r  a l l  bodies on any meridian. Therefore, a majority 

together with t h e i r  differences in 
5 , m u  

I+ 

down t o  a sur- 

The very high percentage e r rors  
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very low over this region. 
point on the 180° and 0' meridians of some bodies at angle of attack other than 
Oo cannot be predicted by the generalized-Newtonian theory because the value of 
sin26/sin26- becomes greater than 1. But in considering all points above 
deflection angles of 30°, the theory predicts about 85 percent of the values 
within 10 percent of the measured The present investigation of the three- 
dimensional bodies indicates both types of bodies show about the same agreement, 
whereas for the two-dimensional aerodynamically blunt bodies of reference 4 the 
agreement for the circular-arc bodies was found to be better than that of the 
parabolic-arc bodies. 

Some points between the nose and the maximum pressure 

Cp. 

Prediction of Pressure Distributions by the 

Generalized Form of Newtonian Theory 

The present investigation showed that the pressure distributions of the 
aerodynamically blunt bodies having curved surfaces agree reasonably well with 
the generalized form of Newtonian theory. 
wlthout resorting to experimentation, it is necessary to know a pressure at a 
given slope on the surface. Since the measured locations (fig. 10) of the maxi- 
mum pressures occur reasonably close to the geometric locations (with respect to 
the sin26) and because the maximum pressure on the lower surface is equal to 
stagnation value for the majority of deflection angles between shock detachment 
and 90° (fig. 8), it is convenient to utilize these conditions to predict the 
pressures over the whole body in the same manner as presented in reference 4 
for two-dimensional aerodynamically blunt bodies. 
follows : 

However, in order to use this theory 

This can be accomplished as 

On the lower surface Cp,- = Cp,stag for 6a 2 63' or 6a h 6g0 for 
circular-arc and parabolic-arc bodies, respectively, whereas for apex deflection 
angles lower than those values, Cp,mx can be obtained from 

for the circular-arc bodies and 

2 Cp,max - sin 6a 
$,stag sin26g0 

obtained in this manner for s"" for parabolic-arc bodies. The values of Cp 
these deflection angles are shown in figure and are in good agreement with the 
measured values. 
find 5,- for both the parabolic-arc and circular-arc bodies, Cp,max would 
vary by only 3 percent. 
detachment, Cp,mx is obtained from oblique shock theory. 

It should be noted that if an average value of 670 were used to 

For deflection angles equal to or less than shock 
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The pressure distributions for the 180° meridian at any angle of attack can 
then be computed from 

and the pressure distributions for all other meridians can be obtained at any 
angle of attack from 

Cn sin28 

provided the deflection angle on the respective meridian is less than the apex 
deflection angle at a = Oo. 

The pressure coefficients predicted by this method (using 6 5 O  and 6g0 as 
the lower limits of 
tively) are presented in table 11. In general, these values are about the same 
as those obtained from the generalized form of Newtonian theory by using the 
measued values of 
within about 20 percent of the measured % at deflection angles above 30'. 
Some of the points between the nose and the actual location of the maximum pres- 
sure point, which could not be predicted by the generalized-Newtonian theory by 
using at its actual location for the 180° and 0' meridians, are not 
predicted by this method within this accuracy. However, on the whole, about 
85 percent of all points at deflection angles above 30° are predicted within 
10 percent of the measured C p  value. 

Cp,stag for circular-arc and parabolic-arc bodies, respec- 

Cp,max at their actual locations on each surface and are 

$,mx 

Because of the lack of orifices on the 45' and 135O meridians it is recog- 
nized that the applicability of the equation is not completely established for 
these angles; however, the good results f o r  the Oo and goo meridians which are 
more completely covered tend to indicate that the equation is applicable as 
originally stated. 

The good agreement between the generalized form of Newtonian theory and the 
data of the present investigation as well as the results for two-dimensional 
aerodynamically blunt bodies of reference 4 and for bodies having leading-edge 
or apex half-angles less than that for shock detachment of reference 3 indicate 
that this theory is applicable to all bodies having curved surfaces. 

CONCLUSIONS 

An investigation of the applicability of the generalized form of Newtonian 
theory to three-dimensional bodies having apex half-angles greater than that for 
shock detachment at a Mach number of 6 and angles of attack up to 2 5 O  has 
resulted in the following conclusions: 

9 



1. A pressure equal to the stagnation value behind a normal shock was meas- 
ured on conical, circular-arc, and parabolic-arc bodies having apex deflection 
angles equal to or greater than 6i0, 65O, and 6g0, respectively, and between 
each of these angles and shock detachment angle the maximum pressure coefficient 
for each group of bodies decreases continuously with decreasing deflection angle. 

2. With few exceptions the ressure distributions rearward of the maximum 
pressure point on the 0' and 180 meridians of aerodynamically blunt cones are 
primarily a function only of surface-deflection angle and essentially independ- 
ent of the apex half-angles. In addition, the pressure distributions on these 
cones are in good agreement aft of the maximum pressure point with those of a 
flat plate and aerodynamically blunt wedges at corresponding deflection angles 
of 66' and above. 

8 

3. At all angles of attack for all aerodynamically blunt bodies having 
curved surfaces, the agreement between the generalized form of Newtonian theory 
and the measured values of pressure coefficient was reasonably good for surface- 
deflection angles above 30'. (For 85 percent of the values in this region the 
theoretical values of pressure coefficient were within 10 percent of the meas- 
ured pressure coefficient.) 

4. The generalized form of Newtonian theory can be used to predict the pres- 
sures on aerodynamically blunt contoured bodies because the maximum pressures 
and their locations can be predetemined reasonably well. 

Langley Research Center, 
National Aeronautics and Space Administration, 

Langley Station, Hangton, Va., August 28, 1964. 
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,399 
,767 

1.296 
2.015 
3.176 

,606 ’ 40.13 
.e56 29.11 

1.099 20.90 
1.327 14.87 
1.571 9.60 

56’ parabolic-arc model 66O parabolic-arc model 78’ Darabolic-arc model 90° parabolic-arc m o d e l  

Orifice 
l O C l t t i 0 ”  Slope 

0 ,  deg 

__ 
54.24 
51.32 
48.73 
45.56 

36.30 
31.38 
25.79 
20.06 
13.72 
7.90 
5.76 
3.86 
2.16 .a 
0.00 

53.02 
50.35 
48.20 
45.06 
42.27 
36.26 
31.07 
25.91 
20.02 
13.72 
7.88 
5.73 
3.83 
2.17 

.60 
0.00 

36.35 
25.80 
51.36 
48.69 
42.19 
36.36 
25.75 
36.25 
25.81 

25.78 

42.28 

36.30 

Or i f ice  
location 

Orifice 

4% 
- 
0.050 

.l34 

. m7 

.301 

.401 
,595 
,783 

1.279 
1.675 
2.144 
2.362 
2.583 
2.804 
3.022 
3.622 
,090 
.164 

1.wo 

81% 

- 
0.023 

,101 
,178 
.261 
,343 
.508 
,706 
.e45 

1.067 
1.332 
1.963 
2.3U 
2.651 
2.992 
3.331 
3.931 
,072 
,128 
,180 
.261 
,343 
. go9 

,846 
1.068 

,708 

, deg 
_. 

180 

0 

I 

- 
r ,  in. 

0.037 
,177 
,321 
,445 
,571 
,795 

1.021 
1.1% 
1.344 
1.521 
1.795 
1.887 
1.948 
1.982 
1.995 
1.998 

,123 
,225 
,319 
,446 
,567 
,792 

1.018 
1.1% 
1.342 
1.518 
1.795 
1.887 
1.948 
1.982 
1.995 
1.997 

1.153 
,176 
,316 
.443 
,567 

1.155 
,569 

1.154 
,569 

1.158 

- 

,569 

- 
I, in 

0.019 
,091 
,173 
,271 
,379 
.6m 
,941 

1.183 
1.585 
2.085 
3.313 
4.002 
4.684 

- 

5.362 
6.039 

,063 
,119 

,272 
,380 
,621 
,944 

1.184 
1.587 
2.085 
3.320 
4.003 
4.684 
5.366 
6.047 
6.445 

7.242 

,176 

x ,  i n .  

0.057 
..159 
,253 
,381 
,525 
,825 

1.137 
1.5m 
2.033 
2.777 
3.712 
4.146 
4.587 
5.028 
5.464 
6.664 

,105 
,197 
,276 
,403 
,526 
,828 

1 . 1 4 1  
1.500 
2.037 
2.777 
3.716 
4.152 
4.593 
5.028 
5.463 
5.860 

.8P 
1.519 

,157 
,255 
,528 
,827 

- r, i n .  __ 
0.081 

.214 
,331 
,467 
,606 
,851 

1.059 
1.264 
1.479 
1.701 
1.877 
1.928 
1.964 
1.987 
1.997 
1.999 

,134 
,256 
,352 
.487 
.605 
,852 
1.0% 
1.266 
1.480 
1.702 
1.878 
1.929 
1.965 
1.987 
1.996 
1.998 

.e49 
1.264 

.212 
,332 
,610 
,848 

x, i n .  
~ 

64.78 
60.19 
55.48 
51.47 
46.97 
39.45 
32.12 
27.85 
22.30 
17.21 
9.26 
6.31 
4.00 

0.012 
,028 
.097 
,153 
,371 
,553 
,884 

1.261 
1.855 
2.47C 

0.000 
.OC6 
,031 
.OW 
.u3 
.333 
,535 
,992 

2.085 
3.127 
3.989 
4.838 
5.679 

7.367 
8.457 

.w6 

.om 
,051 
.115 
,330 
,537 
.891 

1.449 
2.090 
3 . w  
3.997 
4.836 
5.679 
61526 
7.366 
7.655 

,324 
,894 
,045 
.OB3 
,157 
,330 
,889 
.325 
.892 
,335 
,891 

6.522 

1 

.920 
1.189 
1.548 
1.741 
1.846 
1.916 
1.959 
1.985 
1.993 
1.999 

.OB6 

.179 
,502 
.453 
,743 
.921 

1.139 
1.366 
1.548 
1.739 
1.845 
1.913 
1.955 
1.983 
1.993 
1.996 

.738 
1.138 

,276 
f388 
.527 
,742 

1.137 
,738 

1.138 
,746 

36.49 <, .549 
25.10 .all 
f5.54 1.395 
8.33 1.914 4.395 1.738 6.41 

5.551 1.846 4.37 
6.714 1.919 2.88 
7.871 1.960 1.75 

3.051 
3.634 
4.213 
4.790 
5.375 
5.915 

,052 
,102 
,144 
.2% 
,368 
,596 
.ea2 

1.261 
1.884 
2.470 
3.050 
3.631 
4.211 
4.793 
5.375 
5.515 

,371 
,884 
,113 
. 1% 
,261 
,371 
,877 
,372 
,884 
,372 . 882 

5.29 2.547 
3.75 2.783 
2.28 3.193 
1.09 3.614 
.13 4.035 

0.00 4.575 
85.22 .055 
79.74 ,101 
72.23 ,159 
62.81 .239 

2.14 

0.00 
.60 

61.95 
58.59 
55.49 
51.17 
47.04 
39.52 
32.16 
27.84 
22.32 
17.24 
9.24 
6.31 
4.00 
2.14 

.59 
0.00 

47.00 
27.95 
60.21 

51.27 
47.04 
27.89 
47.00 
27.95 
47.00 
27.83 

55.60 

.225 

.317 

.402 
,597 
,785 
,989 

1.281 
1.668 
2.145 
2.365 
2.586 
2.804 
3.022 
3.222 

,594 

.395 ,603 40.29 
,771 ,860 28.97 

1.292 1.099 20.91 
2.013 1.326 14.98 
3.232 l.%O 9.41 
4.393 1.739 6.40 
5.549 1.847 4.37 
6.709 1.919 2.88 
7.867 1.961 1.75 
9.031 1.989 .81 

10.195 1.997 .05 
10.468 1.999 0.00 

,399 ,607 40.11 
1.296 1.099 20.90 
,075 .215 63.14 
.116 ,288 58.63 
,241 ,453 48.44 
,400 .606 40.13 

1.300 1.099 20.88 
,401 ,606 40.14 

1.296 1.097 20.93 
.401 ,604 40.22 

45.57 .41? 
36.43 .550 
27.01 .I56 
18.92 1.056 
13.52 1.388 
8.41 1.914 
5.68 2.351 
3.78 2.771 
2.30 3.193 
1.10 3.616 

0.00 .12 4.035 4.175 
45.88 ,412 
27.01 ,757 

73.84 66.90 ,149 ,202 
9 .39  ,280 
45.64 ,416 
27.07 .I54 
45.85 ,413 
27.04 ,756 
45.38 .4m 
27.06 ,756 

1.332 
1.966 
2.311 
2.653 
2.994 
3.335 
3.535 

.j44 ;; 
,844 1 
,102 

,846 
.344 135 

,847 I 

,843 .1 
.344 270 

” 
45 
1 

1 135 

3. 
210 

\1 
45 .38i 

1.181 
,092 
,174 
,271 
,380 

1.184 
,381 

1.179 
,380 

1.186 

_ _  
1.000 

,133 
.209 
,403 
594 

1 

91 
1 

155 
.1 

270 



TABLE I.- MOIEL mw1SIOFIS AMI O m C E  m A T I O N S  - Continued 

(a) Circula~-arc models yc 

F i 2.380 , 2.582 
I 

I/ X I 

4 

9oQ circular-arc model 56' circular-arc madel 66' circular-arc model 780 circular-arc mode1 
~ 

Orifice 
location Slope -- deg d r b  61 deg 

x, i n  I, i n .  

orifice 
location Slope -- 0 ,  deg '/% @ >  deg 

x, in. r, in. 

Orifice 
location Slope 

0 ,  deg '1% '$8 deg 
X .  in. r, in x, i n .  l-, in. 

0.021 
,076 
.l34 
.233 
.326 
.434 
.541 
.651 
.770 
.905 

1.029 
1.356 
1.634 
1.881 
2.070 
2.610 

.069 . 125 

.194 

.281 

.370 
,460 
,542 
,655 
,775 
,906 

1.030 
1.384 
1.638 
1.719 
2.070 
2.210 

,322 

0.008 
.033 
,076 
.l34 
.a8 
.333 
,452 
,566 
,732 
.872 

1.075 
1.293 
1.969 
2.466 
2.963 
3.993 

.034 
,081 
,120 
,205 
.291 
,388 
.4t% 
,602 
,723 
,866 

1.062 
1.286 
1.9% 
2.451 
2.954 
3.234 

,407 
,826 

0.020 65.62 
. u 4  64.00 
,225 62.00 

1% 

I 
1 
45 

k3 

0.008 

,044 
,081 
,135 
.I99 
,265 
,380 
.489 
,588 
,748 
.970 

1.1% 
2.052 
2.384 
3.468 

,022 
,045 
,075 
,129 
,192 
,264 
.384 
,435 
,536 
.634 
,731 
,947 

1.136 
2.036 
2.370 
2.662 

.203 

.3Bo 
,022 
,046 

,023 
0.032 77.25 0.018 1% 

,115 75.33 .061 
,202 73.31 ,106 
,312 70.68 ,164 
.453 67.- 239 
,586 63.93 .3l2 
,706 60.81 ,380 
.890 55.90 .488 

1.043 51.63 ,583 
1.162 48.12 ,661 
1.322 42.98 ,773 
1.508 36.42 ,919 
1.635 31.26 1.033 
1.962 9.53 1.502 
1.995 1.94 1.645 
1.998 0.W 2.185 
.la 75.22 ,063 
,214 73.04 ,112 
,311 70.75 ,163 
,446 67.46 ,236 
.576 64.19 .507 
,704 60.87 ,379 
,841 57.23 ,459 
,968 53.72 ,536 

1.101 49.92 ,621 

0.000 
,003 
,010 
,028 
,055 
.095 
.137 
t212 
.?76 
463 
.501 
.60b 
,825 

1.505 
1.919 
3.007 
.002 
,009 
.021 
,040 
,073 
.109 
.176 
.231 
.312 
,595 
,503 
,610 
,830 

1.511 
1.914 
2.194 

.092 
,212 
,002 
,010 
,056 
,092 
.213 

0.010 
.084 
.193 
.324 
.456 
,591 
.118 
,888 

1.009 
1.146 
1.323 
1.437 
1.621 
1.941 
1.997 
2.000 

,092 . 186 
.286 
,387 
.527 
,645 
.e13 
,929 

1.069 
1.191 
1.324 
1.437 
1.622 
1.940 
1.996 
1.999 

,592 
,890 
,494 
,198 
.466 
,589 
,894 

0.035 
. E 5  
.219 
.372 
.513 
.669 
,818 
.%1 

1.108 
1.261 
1.392 
1.677 
1.851 
1.950 
1.90 
2.000 

. l l 4  
,204 
,313 
.446 
,578 
,706 
.E18 
,967 

1.114 
1.264 
1.393 
1.681 
1.853 
1.902 
1.990 
1.998 

,506 
.%2 
.l28 
,213 
.375 
.524 
,967 
.5€6 
.%I 
,360 
,983 

55.48 
54.D 
52.86 
50.24 
47.90 
45.18 
42.45 
39.66 
36.63 
33.21 
Y3.08 
21.90 
14.76 
7.96 
1.20 
0.00 

54.50 
52.91 
51.21 
49.02 
46.81 
44.52 
42.45 
39.56 
36.50 
33.19 
50.05 
21.78 
14.68 
11.83 
1.35 
0.00 

47.98 

I 0.ol l  
.063 
.l25 
,190 
,263 
.373 
,470 
.5% 
.676 
,771 
.903 

1.035 
1.405 
1.664 
1.901 
2.441 
.066 
,133 
,176 
.259 
.338 
,418 
.4% 
,550 
,668 
.766 
,894 

1.402 
1.652 
1.865 
2.005 

,433 
,738 
.068 
,127 

'' .266 

1.029 

0.021 
.& 
.145 
.264 
,385 
,534 
,692 . 860 

1.050 
1.274 
1.485 
2.066 
2.604 
3.135 
3.667 
4.743 
.070 
.l34 
.215 
.326 . 443 
.571 
.691 
.e66 

1 . 0 9  
1.275 
1.487 
2.075 
2.611 
2.831 
3.654 
3.947 

.381 
,861 
,083 
,143 
.270 
.397 
867 
.379 

,336 59.85 
.463 57.42 
,644 53.73 
,796 50.48 
.924 47.59 

1.093 43.60 
1.219 40.43 
1.3% 36.07 
1.524 31.64 

1.954 10.44 
1.999 1.98 
2.000 0.00 
,120 63.91 
,239 61.75 
,315 60.33 
,456 57.56 
.sa6 54.93 

,834 49.60 
,959 46.74 

1.082 43.84 

1.369 36.35 

1.834 19.11 

,715 52.22 

1.213 40.57 

1.518 31.82 
1.829 19.34 
1.950 10.71 
1.996 2.13 

35.91 .945 

14.30 2.32 1.327 1.520 
0.00 2.060 

87.34 .046 
84.64 ,093 
81.77 ,143 
78.83 .194 

74.68 71.14 ,261 ,328 
65.96 .418 
62.28 ,483 

53.42 48.49 ,631 ,723 
44.04 ,001 

14.14 1.325 
2.47 1.507 
0.00 1.647 

72.76 , 3 0 0  
63.52 ,461 
87.21 .oo4 
84.31 .099 
76.53 ,235 
72.82 ,299 
63.40 ,463 
72.53 ,304 
63.26 .G 

72.40 62.91 1 ,306 ,471 

57.64 .563 

35.79 ,946 

1 

1 
45 

L, 
1.999 
,738 

1.177 
,123 
,228 
,467 
,637 

1.076 
,735 

1.177 

0.W 
51.71 
41.48 
63.84 
61.94 
57.33 
53.87 
43.98 
51.54 

45 

$0 
39.64 .650 
54.06 .078 
52.76 ,131 
50.16 ,235 
47.69 333 
39.55 1655 
48.01 .321 
39.65 ,651 
50.41 1 .225 
39.22 ,668, 

.036 
,078 
,212 
,329 
.718 i .209 73.15 ,109 

,459 67.10 ,243 
,584 6!.97 ,311 

,.85 ,490 .. 135 I '  , ,139 
,199 
,380 
,198 
,379 

I-' w I 



Y 

,692 

,112 
,211 
,314 
,454 
,698 

1.060 

TABU I.- HOIEL DIlIwsIOAS AND ORITICE LOCATIONS - Concluded 

( c )  Conics1 models 

r 
a , 2.562 

rb = 2 

- 

6 F- Y F So conical model I 900 conical model 1 66' conical model 

O r i f i c e  Orifice 

.444 

,944 
1.069 

1 
0.011 I :zI 
,227 
,289 
.417 
,537 
.666 
.I92 
.981 
1.489 
.a30 . 131 
,179 
.223 
,298 
.420 
.536 
.6% 
,717 
.973 
1.081 
.220 
,410 
,653 
.054 
.loo 
,149 
.213 
,276 
.406 
,534 
,608 
,668 
,927 
1.035 
1.435 
,218 
,1108 
,659 
,158 
.278 

0.039 

, ,841 
1.002 
1.294 
2.339 
.lo5 
.164 . E 7  
,311 
.394 
.539 
,673 
.851 
1.016 
1.312 
1.557 
.x9 
,531 
,839 
,101 
. l66j 
,225 
.310 
,392 
.533 
,665 
,841 
1.009 
1.307 
1.551 
2.351 
.309 
.527 
.844 
,216 
.395 
.678 

.039 

.ob7 
,094 . 120 
,173 
,223 
,276 
,329 
.401 
1.423 
,033 
,054 
,074 
.092 
. u3 
,174 
.222 
,272 
,297 

' ,404 
,620 
,091 
,170 
,273 
,022 
,041 
,061 
,088 
,114 
,168 
.222 
,252 
,271 
.376 
,592 
1.392 
.090 
,169 
,274 
,065 
,115 
.222 

.249 ' 

.325 

.476 
,575 
.687 
.I93 
1.051 
1.561 

.222 

.344 
,472 
.535 
,598 
.660 

1 

i' r 
270 ? 

1.301 
1.549 
1.919 
2.000 
,156 
,255 
,349 
.435 
.%1 
,821 
1.048 
1.283 
1.401 
1.902 
2.000 
,430 
,802 
1.286 
,105 
,195 
,291 
,416 
,539 
,794 
1.044 
1.189 
1.306 
1.812 
2.000 
2.000 
,426 

1.289 
,798 

.308 

.644 
,854 
1.886 
.054 
,098 
.139 
,200 
,261 
,365 
,467 
,551 
.646 
,858 
1.090 

,200 
.365 
,562 
.054 
,097 
,159 
.a1 
,262 
,365 
,468 
,560 
,647 
,816 
1.048 
1.848 
.a0 
,363 
.5% 
,145 
,268 
.471 

1.447 
1.919 
2.000 
,122 
,221 
.314 
,449 
.586 
.e20 
1.050 
1.252 
1.452 
1.927 
2.000 
,451 
,820 
1.262 
,122 
,219 
,312 
,452 
.590 
,820 
1.052 
1.259 
1.45h 
1.833 
2.0w 
2.0w 
,449 
.816 
1.254 
.326 

1.058 
,601 

,961 
1.101 

,048 
.098 
,164 
.223 
.346 
,475 
,538 
.598 
,664 
.960 
1.100 
,159 
.346 
,530 
,056 
,106 
.157 
.227 
,349 
,473 
,541 
,597 
,662 
.958 
1.098 
1.498 
.160 
.297 
,482 
.102 

.155 .094 

.244 .148 
,337 .204 
,462 .279 
.%5 .353 
,799 .483 
.998 .6oj 
1.263 .762 
1.507 .909 
1.946 1.174 
2.000 1.297 
,459 ,277 
,787 '.475 
1.245 ,751 
,150 .Wl 
.242 ,146 
,334 ,202 
,460 .278 
.%1 ,351 . I90 ,417 
.987 .5% 
1.247 ,753 
1.497 .903 
1.939 1.110 
2 . m  1.293 
2.000 1.693 
.459 .277 
,782 ,472 
1.251 .755 
,321 ,194 
.586 ,354 
1.005 I_ .607 

,067 
,122 
.172 
,246 
.321 
.449 
.575 
,686 
.795 
1.055 
1.171 

,247 
,449 
,691 
,067 
.m 
,171 
.248 
,323 
,449 
,572 
,690 
,796 

1.004 
1.120 
1.520 
.246 
,441 
.687 

,320 
593 1 1964 179 

,543 
1.044 ,, ,534 4 

a c 4.963 e. = 5.422 n = 5.652 



TABLE 11.- MEASLTRED AM, THEOAETICAL VALUES OF PIC3SsLTRE COHTICIENE FOR 

T H R E X - ~ S I O N I L L  A E F l O D Y N A M I U Y  BuJm BODIES 

( a )  Parabolic-arc bodies; @ = l80O meridian 

I I % 

0 

5 

10 

15 

20 

25 

6 ,  
* g  

54.25 
51.32 
48.73 
45.57 
42.28 
36.31 
31.08 
20.06 
13.73 
5.77 
2.17 

59.25 
56.32 
53.73 
50.57 
47.28 
41.31 
36.08 
30.79 
18.73 
8.86 
5.00 

64.25 
61.32 
58.73 
55.57 
52.28 
46.31 
41.08 
35,79 
30.06 
17.91 
10.00 

69.25 
66.32 
63.73 
60.57 
57,28 
51.31 
46.08 
40.79 
35.06 
28.73 
20.77 
15.00 

74.25 
71-32 
68.73 
75.57 
62.28 
56-31 
51.08 
45.79 
40.06 
33.73 
25.77 
20.00 

79.25 
76.32 
73.73 
70.57 
67.28 
61.31 
56.08 
50.79 
45.06 
9.73 
30.77 
25.00 

Cp,meas 

1.456 
1.420 
1.143 
1.044 
.973 
.TO4 
.519 
.236 
-135 
.046 
.023 

1.616 
1.530 
1.309 
1.222 
1.144 

.864 

.668 
,515 
.208 
.068 
,028 

1.736 
1.634 
1.468 
1.386 
1.256 
1.030 
.832 
.666 
.465 
.190 
.067 
1.818 
1.739 
1.618 
1.529 
1.432 
1.195 
.993 
.828 
.605 
.421 
.237 
.=3 
1.818 
1.768 
1.692 
1.612 
1.525 
1.321 
1.139 
.974 
.740 
.543 
.334 
.I% 

1.818 
1.797 
1.749 
1.691 
1.620 
1.451 
1.287 
1.133 
.894 
.689 
.457 
.296 

CP 

(a) 

1.456 
1.347 
1.249 
1.127 
1.m 

. n 5  

.589 

.260 

.I25 

.022 

.003 
1.616 
1.. 515 
1.422 
1.305 
1.181 
.953 
.759 
.573 
,226 
,052 
,017 

1.736 
1.647 
1.563 
1.455 
1.339 
1.~19 
.924 
.732 
.537 
.202 
.065 

1.818 
1.744 
1.672 
1.577 
1.472 
1.267 
1.079 
,887 
.686 
,480 
.261 
.I39 
1.818 
1.761 
1.704 
1.626 
1.538 
1.359 
1.188 
1.008 
.813 
.605 
.371 
.230 

1.818 
1.778 
1.736 
1.675 

1.298 
.944 
.738 
.492 
.337 

1.603 
1.450 

1.132 

ea = so 

CP 

(b )  

1.374 
1.271 
1.179 
1.064 
.944 
.731 
.556 
.246 
.u8  
.021 
.003 
1.541 
1.444 
1.356 
1.244 
1.126 

.908 

.723 

.546 

.215 

.OW 

.016 

1.692 
1.605 
1.524 
1.419 
1.305 
1.090 
.901 
.713 
.523 
.I97 
.063 

1.778 
1.706 
1.635 
1.542 
1.440 
1.239 
1.055 
.868 
.671 
.470 
.256 
.136 

1.788 
1.733 
1.677 
1.600 
1.513 
1.337 
1.169 
.992 .em 
.595 
.365 
.226 

1.780 
1.759 
1.717 
1.657 
1.586 
1.434 
1.283 
1.llg 
.933 
.7m 
.487 
.333 

Cp," - cp 

'+,meas 

(a) 

0 
.054 
-.092 
-.om 
- .028 - .lo1 
- .I35 - .lo2 
.074 
.509 
.862 

0 
.010 
-.086 -.om 
-.OX 
- .lo3 
- ,135 
-.112 
- ,082 
,238 
.a 

0 
- . O M  - ,065 -.ow 
-.042 
-.& 
-.m 
-.o* 
-.155 
-.067 
.035 

0 
-.003 
-.034 
- .031 
- .028 - .060 
- ,086 
- .072 
- .I33 
-.140 - ,103 
- .I37 
0 
.004 

- .007 
-.w9 
-.009 
- .028 
- .Ob3 
-.035 
-.o* 
-.ll4 
- . l lo - .I53 
0 

.om 

.007 

.009 . Oll 
0 
-.008 
.001 - .056 
-.076 
-.ld 

- .070 

Cp,meas - Cp 

Cp,meas 

(b)  

0.056 

- .019 
.030 

- .038 - ,071 
- .Ob1 
.126 
.537 
.870 

.lo5 - .031 

.046 

.056 -. 035 - ,018 

.016 - .051 
- .082 
- . o a  
-.032 
,272 
,434 

.026 

.017 
- ,038 
-.024 
- .015 
-.059 
-.a2 
-.071 
-.u6 
-.039 
.059 
.022 
.Ol9 

- .o l l  
-.009 
- .005 
-. 037 - .062 
-.049 
-.lo8 
- .115 
-.079 
-.m 
,016 
. 020 
.009 
.008 
.008 
-.012 
- .026 - .01g 
- .081 
-.ON 
-.w2 
-.l34 

. o l l  

.021 

.o18 

.om 

.021 

.012 

.003 

.012 
-.Ob3 
- . o p  
-.067 
-.E24 

6, 
* g  

64.78 
60.19 
55.49 
51.47 
46.98 
39.46 

9.26 

69.78 
65.19 
60.49 
56.47 
51.98 
44.46 
37.12 
32.85 
22.22 
11.31 
5.00 

32.12 
22.30 

2.15 

74.78 
70.19 
65.49 
61.47 
56.98 
49.46 
42.12 
37.85 
33.30 
19.26 
10.00 

79.78 
75.19 
70.49 
66.47 
61.97 
54.46 
47.12 
42.85 
37.30 
32.22 
21.31 
15.00 

84.78 
80.19 
75.22 
71.47 
66.98 
59.46 
52.12 
47.85 
42.30 
37.22 
29.26 
20.00 

89.78 
85.19 
80.49 
76.47 
71.9 
64.46 
57.12 
52-83 
47.30 
42.22 
34.26 
31.31 
25.00 

,p,meas 

1.753 
1.592 
1.317 
1.188 
1.050 
.755 
.519 
,273 
.078 
.017 

1.817 
1.692 
1.475 
1.361 
1.222 
.920 
.671 
.531 
.270 
,094 
,025 

1.818 
1.752 
1.592 
1.482 
1.349 
1.066 

,812 
.672 
f506 . 200 
.060 

1.803 
1.792 
1.695 
1.603 
1.479 
1.228 
.973 
.a20 
.649 
.498 
.240 
.114 

1.762 
1.817 
1.770 
1.697 
1.602 
1.383 

.987 

.803 

.644 

.417 

.188 

1.666 
1.797 
1.797 
1.755 
1.602 
1.498 
1.286 
1.148 

.%2 

.a02 

.555 

.467 

.295 

1.141 

~ 

:P 

:a)  

,753 
,612 
,454 
.)lo 
.145 
,865 
.605 
,308 . 0% 
.003 

,817 

.563 

.434 

.281 

.012 

.752 

.607 

.295 

.079 
,016 

,818 
.728 
.620 
.507 
.372 
,127 
.878 
.735 
.557 
.2E 
,079 

.TO1 

.773 

.686 

.595 
,479 
.256 

.878 

.697 

.539 

.251 

.127 

.OW 

.814 

.751 

. 6 b  

.783 

.386 

.164 

.027 

.a46 

.a3 

.438 

.219 

.em 

.749 

.673 

.so6 
,305 
.I76 
.999 
.a35 
.587 
.500 
.3m 

ea = 66O 

CP 

(b) 

1.707 
1.570 
1.416 
1.277 
1.ll5 
.a42 
.590 
.300 
.054 
.003 

1.790 
1.675 
1.540 
1.413 
1.262 
.997 
.740 
.598 
,291 
,078 
,015 

1.798 
1.709 
1.598 
1.490 
1.357 
1.ll5 

.868 

.727 

.551 

.210 

.058 

1.805 
1.742 

1.567 
1.472 
1.234 
1.001 
.862 
,684 
,530 
.246 
,125 

1.812 
1.774 
1.713 
1.643 
1.548 
1.355 
1.139 
1.004 
.828 
.668 
.437 
.214 

1.818 
1.805 
1.768 
1.719 
1.644 
1.480 
1.282 
1.155 
.982 
.a21 
.576 
.491 
.325 

1.656 

~~ 

:p,meas - cp 

Cp,meas 

(a) 

0 - .Ol3 - .lo4 - .lo3 
-.og1 
- .145 - .166 
-.I28 
.286 
.827 

0 
-.005 
- .o f3  
-.054 
-.om 
- .lo1 - .121 
- .143 - .094 
.152 
.379 

0 
.014 

-.017 
- .017 
-.057 - ,081 
-.094 - ,102 
-.& 
,019 

-.018 

.011 

.056 

.049 

.001 - .023 
-.Oh 
-.070 
-.073 

- .Ob3 
- . l lo  

-.083 

,001 
,011 
,010 
,012 
-.w2 - .020 
-.Ob 
-.054 
-.062 
-.050 
- .164 

-.002 
.034 
.005 

-.005 - .015 
-.025 
- .039 
-.042 
-.OS 
-.071 
-.ll9 

:p,meas - Cp 

Cp,meas 

(b) 

0.026 
.013 

- .075 
-.075 
-.062 
- .115 
-.l% 
- . o s  
.304 
.831 

.015 

.010 
- .044 
-.038 
-.OX 
-.084 
- .lo4 
-.126 
- .on 
.165 
.3& 
,011 
.025 

- .004 
-.w6 
-.m6 
-.046 
-.069 
- .082 
-.OW 
- .Ob9 . 030 

.023 

.018 
-.OW - ,028 
-.051 - ,054 
- ,064 
-.0f4 
- ,090 
- .029 
.023 
.033 
.032 
.034 
.020 
.002 

- .018 
- .031 
- .023 
- .Ob7 - ,139 
-.009 
-.cos 
.016 
.021 
.023 
.012 
.003 
-.007 
- .020 
-.024 
-.039 
-.053 
-.099 

'See footnotes at end of table. 



TABLE 11. - MEASURED AND TREOI(GpICAL VALUES OF PRESSURE COEFFICIENTS FOR 

TBREE-DIMENSIONAL A W O ~ C A L L Y  BLUNT BODIES - Continued 

76.51 
72.01 
65.61 
%.ai 
40.11 
29.11 
20.91 
14.87 
6.41 
1.76 

81.51 
77.01 
70.64 
63.87 
45.14 
34.u 
25.91 
14.6C 
5.w 
86.51 
82.01 
75.64 
68.87 
50.14 
39.11 
30.91 
19.60 
10.00 

91.51 
87.01 
80.64 
73.87 

44.ll 
35.91 
29.87 
21.41 
15.00 

96.51 
92.01 
85.64 
78.87 
60.14 
49.11 
40.91 
34.87 
29.60 
a.00 

01.51 
97.01 

55.14 

90.64 
83.87 
55.14 
j4.u 
45.91 
59.87 
54.60 
3.38 
15.00 

Cp,meae 

1.818 
1.733 
1.569 
1.407 
.791 
.435 
.240 
.145 
.042 
.005 

1.819 
1.738 
1.667 
1.523 
.945 
.557 
.334 
.E7 
.013 

1.788 
1.813 
1.758 
1.640 
1.124 
.710 
.456 
.lgl 
.Ob9 

1.722 
1.804 
1.793 
1.721 
1.282 
.882 
.6u 
.435 
.222 . llo 
1.627 
1.763 
1.8I.l 
1.784 
1.421 
1.052 
.760 
f 573 
.420 
.I79 

1.501 
1.703 
1.806 
1.810 
1.563 
1.227 
.942 
.742 
.568 
.416 
.295 

~ 

CP 
(8) 

~ 

1.m 
1.W 
1.59f 
1.405 
.791 
.45: 
24: . 127 
.024 
.mi 

1.815 
1.76: 
1.657 
1.495 
.934 
.585 
.357 

.014 

.us 

1.809 
1.731 
1.605 

,734 
.487 
.208 
.056 

1.087 

L .785 
L.692 
L.235 .ea 
.631 
.455 
.244 
.E3 

..a17 

..760 
-.375 
..045 
,784 
.597 
.446 
.214 

,802 
.505 
.1% 
.940 
.749 
,588 
.439 
.326 

ea = 78O 

CP 
(b)  

1.797 
1.719 
1.577 
1.393 
.790 
.450 
.242 
.=5 
.024 
.002 

1.806 
1.753 
1.643 
1.488 
.928 
.581 
-352 
.u7 
.014 

1.814 
1.786 
1.709 
1.584 
1.073 
.724 
.481 
.205 
,055 

1.818 
1.814 
1.771 
1.678 
1.225 
.881 
.626 
.451 
.242 
.l22 

~.601 
L.817 
L.808 
L.751 
L .368 
L.040 
,780 
.594 
.444 
.213 

1.745 
- .791 
..818 
. ,797 
..497 
..193 
.937 
.747 
.586 
.438 
.325 

~ 

See footnotes at end of table.  

(a )  Parabolic-arc bodies; 6 = 180° meridian - Concluded 

ea = goo 

Cp,meas - Cp 
Cp,meas 

(a)  

0 
-.004 
-.017 
- .001 - ,011 - .Oh7 

.022 

.128 

.423 

.669 

______ 

0 
.010 
.oo6 
.016 
.012 
-.OW 
- .069 
.070 
-.Oh3 

.002 

.015 
,022 
.033 
-.033 
-.067 
-.089 
-.=a 

. 004 

.017 
,037 

- .007 - .032 
-.Oh5 
-.loo 
1.117 

- .003 
.014 
.033 

- .031 
-.043 

.007 

-.061 - .192 

.004 

.039 

.025 

.002 
-.CY39 
- .036 
-.054 
- .lo4 

0.012 
.oca 

-.005 
.010 
.001 
-.035 
-.010 
.138 
,430 
.672 

.w7 

.017 

.014 

.023 

.01g 
- .043 
-.054 
.076 

- .Ob2 
- .015 
.015 
.028 
.034 
.045 

- .020 
-.053 - .O75 
-.ll4 

-.ox 
-.m6 
.Ol3 
.002 
.Ob5 
.001 

- .023 
-.036 
- .091 
- .io7 
.016 

- ,030 
.001 
.01g 
.037 
.ow - .026 

- .038 
-.055 
- .186 

- .272 
- .ox 
-.or% 
.007 
.Oh2 
.024 
.w5 - .007 
-.033 
-.051 - .lo1 

a, 
de 

C 

5 

to 

.5 

0 

5 

6, 
deg 

89.9C 
85.03 
79.13 
72.17 
62.77 
45.39 
36.50 
25.11 
13.54 
5.69 
2.29 

94.90 
90.03 
84.15 
77.17 
67.77 
50.39 
41.50 
30.u  
18.54 
5.13 

99.90 
95.03 
89.15 
82.17 
72.77 
55.39 
46.50 
35.u 
23.54 
10.00 

04.90 
00.03 
94.15 
87.17 
77.77 
60.39 
51.50 
40.11 
28.54 
20.69 
15.00 

39.90 
35.03 
39.15 
32.17 
32.77 
55.39 
j6.50 
k 5 . u  
53.54 
28.34 

L4.90 
L0.03 
h.15 
97.17 

lo. 39 
jl. 50 
i0.u 
58.54 
io. 69 
!5.00 

10.00 

37.77 

Cp ,mea: 

1.816 
1.798 
1.737 
1.620 
1.362 
3.31 
,595 
,322 
.130 
,045 
.018 

1.792 
1.810 
1.789 
1.709 
1.506 
1.505 
.747 
.443 
.184 
.024 

1.755 
1.799 
1.811 
1.780 
1.627 
1.206 
,908 
.577 
.273 
,055 

1.670 
1.754 
1.799 

1.722 
1.369 
1.080 
.727 
a385 
.2u 
.m 

1.805 

1.95 
1.697 
1.772 
1.812 
1.794 
1.513 
1.256 
.goo 
.524 
,386 
,185 

1.446 
1.578 
1.687 
1.772 
1.807 
1.622 
1.393 
1.057 
.67l 
.444 
.299 

CP 
( a )  

..ale 

..a5 
-.754 
..6@ 
..437 
,922 
.643 
.3q 
.loo 
,018 
,003 

.808 

.799 

.728 
,558 
,079 
.798 
.458 
.183 
.015 

.817 

.787 

.658 

.231 

.956 
,601 
.290 
,055 

.814 
,736 
.374 
. u 3  
.755 
.415 
,227 
.l22 

,789 
,503 
,264 
,913 
555 
,410 
213 

813 
614 
404 
071 
706 
474 
324 

CP 
( b )  

.eo: 
,754 
.64E 
.437 
.92i 
.64: 
.327 
.1oc . o i f  
.oo: 

.a03 

.816 
,799 
,728 
.558 

.798 
,457 

.61E 

.079 

,184 
.015 

,764 

,817 
,803 

,787 
,658 
,231 
,956 
601 
290 
055 

698 
763 
809 

736 
374 
113 
755 
415 
227 
122 

607 
696 
772 
816 
789 
503 
264 
913 
555 
410 
213 

4% 
605 
710 
790 
813 
614 
404 
071. 
706 
474 
324 

814 

Cp,meas - Cx 

Cp,meas 
( a )  

0 
- ,004 
-.010 
- ,017 
-.055 
- . O G  
- .081 
- .017 
.234 
.600 
.a35 

.001 
-.006 
- . o n  
-. 035 
- ,023 
- .068 
-.034 

,002 
.389 

-.w3 
-.004 
-.01g 
- ,021 
-. 053 
-.Oh2 
- .060 
,011 

- .005 
- ,003 
- .004 - .030 
-.038 
-.OS3 
- .O75 
- f087 

.003 

.006 
-.007 - .014 
-.059 

- .147 
- ,061 

-.003 
.005 

-.ma 
- ,013 
-.053 
-.or33 
-.086 

Cp,meas - Cy 

Cp,meas 
( b )  

0 
- .004 
-.010 
- ,017 
-.055 
-.046 
- ,081 
- ,017 
.234 
,600 
,835 

- ,007 
.001 

-.m6 
- ,011 
-.035 
- .023 
- .068 
- ,034 
,002 
,389 

-.005 
- ,002 
-.mj 
-.004 
-.01g 
-.021 
-. 053 - ,042 
- ,060 
.011 

.017 
- .005 
- .006 
-.005 - .003 
-.m4 
- ,030 
- ,038 
-. 053 
-.075 
- .087 
-.014 
0 
0 
-.w2 
.003 
.006 
-.w7 
-.014 
-.059 
- .061 
- .I47 
-.035 
-.017 
- .014 
- .010 
-.003 
.005 - .008 

- ,013 
- .O53 
- .068 
-.086 

16 



- 

L, 

k 3  

0 

5 

0 

5 

0 

5 

6, 
*g 

53.02 
50.35 
48.21 
45.07 
42.27 
36.26 
31.07 
25.92 
13.72 
2.17 

48.02 
45.35 
43.21 
40.07 
37.27 
31.26 
26.07 
15.02 
2.89 

43.02 
40.35 
38.21 
55.07 
32.27 
?6.26 
15.92 
3.72 

58.02 
55.35 
53.21 
W.07 
V.27 

5.02 

53.02 
IO. 35 
i.5.07 
L6.26 
5.92 
8.02 
25.35 
:3.21 
L7.3 
6.07 

~6.07 

%,meas 

1.460 
1.345 
1.184 
1.039 
.939 
.695 
.507 
.375 
.I33 
. O W  

1.265 
1.192 

.a49 

.747 
,536 
.376 
,151 
,028 

1.086 
1.021 
,867 
.693 
.559 
.401 
,178 
.037 

.909 
345 
.706 
.550 
.458 
.185 
.Ob9 

.719 
,656 .w 
.197 
.065 

.%1 
,507 
.409 
.234 
-.075 

1.023 

CP 

(8) 

1.460 
1.357 
1.272 
1.147 
1.035 

.8oo 

.609 
,437 
,129 

1.265 
1.155 

.948 

.a39 

.616 
,442 
,154 
,006 

1.086 
.978 
,892 
.770 
.665 
.457 
.175 . 010 
.go9 
.802 
.757 
A01 
,503 
.184 
.018 

,719 
.618 
,429 . 190 
.026 

.%I 
,465 
.427 
,224 
.028 

.003 

1.113 

TABLE 11.- MEASUAED AND TKEORETICAL VAIAIES OF PRESSUFE COEFFICIKWS FOR 

THREE-DLMWSIOWAL AERODYNAMICWY BLUNT EODIES - Continued 

ea = 560 

4 
( C )  

1.331 
1.237 
1.160 
1.045 
.944 
.729 
.555 
.398 
. u 7  
.w3 

1.153 
1.0% 
,978 
,864 
,765 
.%1 
.403 
.140 
.oo5 

.%9 
,874 
.798 
.a9 
.594 . 408 
.157 
.oo9 

,791 
,698 
,626 
.524 
.438 
,160 
.016 

,619 
.532 
.374 
.164 
.022 

. 460 

.382 

.324 

.184 
,023 

(b)  Parabolic-arc bodies; 6 = Oo meridian 

ea = 660 

- .074 - .lo4 
- .lo3 
- .152 
-.201 
- .166 
.029 
.a30 

0 
,028 

-.OB8 
- .117 - .124 
- .150 
- ,175 
-.019 
,792 

0 
.042 

- .029 
-.ln 
-.e9 
- .I37 
.016 
.733 

0 
.051 

- .072 
- ,092 
- ,098 
,627 
,006 

0 
.058 

.038 
- . o s  

.a6 

0 
.082 

- .Ob3 
.046 
.622 

%,meas 

( C )  

0.088 
. O b  
.om 

-.006 
-.w5 - .Ob9 -.ow 
- .061 
. 120 
,842 

,089 
.114 
,044 

- .018 
- .024 
-.046 
- .072 
,073 
.a21 

.lo8 

.144 

.& 
,006 

-.oca 

.118 

.757 

- ,017 

.130 
,174 
,113 
,047 
.044 
.I35 
.674 

.I39 
,189 
.079 
,168 
,662 

.180 

.247 
,208 
,214 

1.302 

a, 
deg 

0 

5 

10 

15 

20 

25 

6 ,  
deg 

61.96 
58.60 
55.50 
51.18 
47.05 
39.53 
32.16 
27.85 
17.25 
6.32 

56.96 
53.60 
50.50 
46.18 
42.05 
34.53 
27.16 
17.32 
4.24 

51.96 
48.60 
45.50 
41.18 
37.05 
29.53 
17.85 
7.25 

46.96 
43.60 
40.50 
36.18 
32.05 
24.53 
12.85 
2.25 

41.96 
38.60 
35.50 
31.18 
27.05 
19.53 
7.85 

36.96 
33.60 
30.50 
26.18 
14.53. 
2.85 

1.647 
1.514 
1.307 
1.177 
1.048 
.770 
.513 
.400 
.113 
.048 

1.528 
1.387 
1.130 
,987 
,866 
,611 
.3go 
,102 
,038 

.382 
,256 
.968 
,801 
.688 
,465 
.Oh1 
,068 

,193 
.lo7 
,853 
,653 
,537 
,348 
,136 
,035 

,997 
.927 
,683 
,510 
,405 
.247 
,082 

.em 
,748 
.543 
.393 
.174 
.053 

'P 

( a )  

.647 

.540 

.436 

.283 

.I33 

.856 

.599 

.461 

.186 
,026 

,528 
,408 
.294 
.132 
.975 
,698 
.453 
,193 
.012 

.382 

.253 

.I33 
,966 
,809 
.541 
,209 
.035 

.193 

.062 
,942 
.778 
.629 
.385 
.no 
.003 

.997 

.868 
,752 
,598 
.461 
.249 
,042 

.ea 
,678 
.570 
.43l 
,139 
,005 

CP 

( C )  

1.625 
1.520 
1.417 
1.266 
1.118 
.a45 
.591 
.455 
.187 
.025 

1.466 
1.351 
1.242 
1.086 

,936 
,670 
.435 
,185 
.011 

1.294 
1.174 
1.061 
. go4 
.757 
.507 
.196 
.033 

1.114 
.992 
,880 
.727 
.557 
.360 
.lo3 
.003 

,933 
,812 
.715 
.559 
.43l 
,233 
,039 

.754 

.639 

.538 

.406 

.131 

.005 

0 
- .017 - .098 -.ow 
-.I281 - .113 
- .168 
- .153 - .641 
.a93 

-.016 
-.146 
- .147 
- ,126 
- .I43 

0 

- ,161 
- .885 
,687 

0 
.002 

- ,171 
- .205 
-.164 
-4.095 

- ,176 

.478 

0 
,041 

- ,104 
- ,191 
- .170 
- .io6 
.191 
. go2 
0 
,064 

- .lo1 
-.I39 
- ,010 
,492 

- .172 

0 
.094 

- .050 
- .097 
,201 
,896 

Cp,meas - 5 
Cp,meas 

( C )  

0.013 
-.w4 
-.&4 
-.076 
-.1%7 
-.097 - .152 - ,138 
-.655 
.479 
.0b1 
.026 
-.099 
-.loo 
-.051 
-.097 - .115 
- ,814 
.711 

.065 
-.096 
- ,129 
-.loo 
- ,090 
-3.780 
.515 

.066 

.104 
-.032 

-.093 
-.034 
,243 
.914 

.064 
,124 - ,047 

- . o s  
-.of54 
.057 
.524 

.057 
,146 
,009 

- .033 
.247 
.906 

.064 

- .113 

'"See footnotes at end of table.  



6 ,  
aeg 

~ 

70.99 
64.79 
59.88 
48.76 
40.30 
28.97 
20.91 
9.42 
1.76 

65.99 
59.79 
54.88 
43.76 
35.30 
23.97 
15.91 

4.42 

60.99 
54.79 
4g.m 
38.76 
30.30 
18.97 
10.91 

4.89 

55-99 
49.79 
44.88 
33.76 
25.30 
13.97 
5.91 

50.99 
44.79 
39.88 
28.76 
20.30 
8.97 

$5.99 
J9.79 
54.88 
13.76 
L5.30 
3.97 

-~ 

%,meat 

~~ ~ 

1.724 
1.557 
1.421 
1.069 
.7* 
.442 
.246 
.073 
.w6 

1.609 

1.261 
.a94 

. 3 a  

.162 

1.404 

.634 

.035 

1.475 
1.245 
1.090 

.735 

.492 . -5 

.log 

.049 

1.323 
1.073 

-915 
.582 
-371 
-153 
.066 

1.150 
3393 
.746 
.445 
.268 
.lo4 

.980 
-719 
.594 
* 332 
.1g4 
.066 

CP 
(a) 

1.721 
1.575 
1.44: 
1.09: 
.ea 
.45: 
.2w 
.05: . 00: 

1.60: 
1.W 
1.2% 

.92: 

.641 

.31€ 

.14: 

.011 

1.47: 
1.287 
1 . 1 2 E  

.756 
,491 
.m4 
,097 
.014 

1.323 
1.123 

.959 

.595 

.352 

.L12 

.020 

1.150 
.946 
.783 
.441 . 229 
.046 

.980 

.776 

.619 . 307 

.132 

.W9 

_ _  

TABtE 11.- ICWXJRED AND TKFORGPICAL VALUES OF PRESSUKE COEFFICIETiTS FOR 

TIIRE-DIMRTSIONAL AWODYTULHICUY BLUIKC B O D I S  - Continued 

ea = 780 

CP 
(C) 

1 . 6 9  
1.555 
1.422 
1.075 

.79: 

.446 

.242 

.051 

.w2 

1.5% 
1.419 
1.271 

.909 

.634 

.314 

.143 . o l l  

1.453 
1.268 
1.ll1 

.745 

.484 
,201 
.068 
.014 

1.305 
1.163 

.946 

.587 

.347 

.Lu 

.om 

1.148 
.943 
.781 
.440 
.229 
.046 

.*3 

.778 

. 6 U  

.309 

.132 

.009 

(b) Parabolic-arc bodies; @ = Oo meridian - Concluded 

ea = 9oo 

Cp,meas - CI 
Cp,meas 

(a) 

0 
-.014 
- .016 
-.om 
- .on  
- .023 
.001 
.290 
. a 2  

0 
-.026 
-.023 
-.031 - .012 
-.002 

. lo5 

.675 

0 - .034 
-.034 
- .027 

. ~ 6  

.095 
,110 
.7= 

0 
-.047 
-.Om 
-.023 

.057 

.268 

.691 

0 
-.059 - .049 
.Oca 
.150 
.557 

0 
-.079 - .Ob2 

.075 

.325 

.375 

(C) - 
0.015 
.001 
-.w1 
-.006 

.004 
-.009 

.016 

.301 

.667 

.014 
- . on  
-.ma 
-.017 
0 

.013 

.ll7 

.686 

,015 
- .018 
- ,019 - .014 
.016 
.lo7 
,376 
.714 

.Ol3 
-.032 
-.034 
- .oog 

.065 

.275 

.697 

.W2 
-.OS 
-.Ob7 
.Oll 
.146 
.558 

-.003 
- . a 2  
- .Ob5 

.069 

.3m 

.a33 

a, 
de 
~. 

0 

5 

10 

15 

!O 

'5  

- 

6, 
deg 

85.22 
79.74 
72.23 
62.81 
45.58 
36.43 
27.02 
18.92 
8.41 
2.31 

80.22 
74.74 
67.23 
57.81 
40.58 
31.43 
22.02 
13.92 
3.41 

75.22 
69.74 
62.23 
52.81 
35.58 

8.92 
26.43 

3.52 

70.22 
64.74 
57.23 
47.81 
30.58 
21.43 
12.02 
3.92 

55.22 
79.74 
j2.23 
$2.81 
25.58 
L6.43 
7.02 

50.22 
j4.74 
(7.23 
17.81 
3.58 
u.43  
2.02 

Cp,mear 

- .  

1.804 
1.743 
1.612 
1.407 

.&7 

.622 

.379 

. a 5  

.u/1 
,017 

1.743 
1.650 
1.478 
1.2X 

.707 

.481 

.280 

.142 

.037 

1.668 
1.551 
1.3'44 
1.034 

.565 

.368 

.093 

.048 

1.556 
1.418 
1.188 

.925 

.445 

.273 

.I38 

.055 

1.447 
1.284 
1.039 

.772 

. m2 

.092 

1.290 
1.120 

.&5 

.617 

. 3 b  

.242 

.131 
-053 

-. 

CP 
(-1 

1.801 
1.755 
1.64' 
1.43' 

.92, 

.641 

.37: . 191 

.035 

.oo: 

1.74: 
1 . 6 7  
1 . 5 2 ~  
1.28: 

.755 .e 

.25i 

.lo4 

.Wt 

1.66E 
1.57C 
1.391 
1.132 
.a4 
.353 
.Ob3 
.007 

1.556 
1.438 
1.243 

.965 

.455 
2 3 5  
.076 
.Oca 

t.447 
L.309 
1.097 
.a10 
.327 
.140 
.027 

L.290 
L. 142 
.923 
.643 
.2l2 
.067 
.w2 
_ _  

CP 
A C )  

1.806 
1.761 
1.649 
1.439 

.928 

.641 

.375 

. l 9 l  

.039 

.003 

1.766 
1.692 
1.546 
1.302 

.769 

.494 

.2% 

.006 

1.699 
1.599 

.lo5 

1.423 
1.154 

.615 

.360 

.044 

.007 

1.610 
1.487 
1.285 

.998 

.471 

.243 

.079 

.oca 

1.499 
1.3% 
1.136 

.840 

.339 

.145 

.028 

1.370 
1.212 .* 
. a 3  
.225 
.071 
.W3 
- 

0 
- .w9 - .022 - .021 - ,068 

.451 

.830 

0 
-.ox? - .032 
- .028 
- .074 - .014 

.099 

.269 

.827 

0 
-.ov 
-.039 
-.035 - .070 
-.039 

.540 .e& 
0 
-.014 
-.046 
-.043 - ,022 
.1b 
.446 
.851 

0 
- .020 
- .055 
- . O X  

.037 
,305 
.716 

0 
-.ow 
-.067 
-.044 

.=5 

.488 

.960 

-0.001 - ,010 
- .022 

- .030 
.010 

.450 

.830 

- ,013 - ,026 
-.046 
- ,042 
-.om 

- .023 

-.06g 

. 6 7  

- ,028 
.@37 
.259 
.824 

- .019 - ,031 
-.059 
-.055 - .090 
-.021 

.531 

.e58 

-.034 
-.0h9 
- . a 2  
-.079 
- fO57 
.110 
.427 
,846 

- ,036 
- .057 
-.093 -.& 

.W2 

.280 
.691 

-.062 
-.083 - . I33 
- .io7 
.071 
.455 
.950 

a8cL%ee footnotes at end of table. 



TABLE 11.- MEASURED AND TEEORETICAL VALUES OF PRESSURE COEFFICIENTS FOR 

THREE-DIMENSIONAL A F L I O ~ C A L L Y  m BODIES - Continued 

5, 
leg 

45 

90 

L35 

45 

90 

L35 

45 

90 

135 

45 

90 

135 

45 

90 

135 

45 

90 

135 

L, 

Le 

0 

5 

O 

.5 

'D 

'5  

6 ,  
*g 

47.00 
27.95 
60.22 
55.60 
51.27 
47.05 
27.9c 
47.0C 
27.9: 

43.35 

59.8: 
55.2@ 
51.W 
46.82 
27.7e 
50.4: 
31.4: 

39.5: 
20.6: 
58.7: 
54.35 
50.2c 
46.G 
27.4: 

34.71 

24.3: 

55.9; 

34.9: 
16 .E  
56.91 
52.85 
48.9c 
42.81 
26.87 
56.2: 
37.9: 

31.G 
13.07 
54.6: 
50.8: 

43.4: 
26.0€ 
58.21 
40.85 

27.3: 
9 . x  

51.8i 
48.k 
45.m 
41.5: 
25 .6  
60.07 

47.1: 

43.5: 

$ 9  

ie.eg 

45 

90 

135 

45 

90 

135 

45 

90 

135 

45 

90 

135 

45 

90 

135 

45 

90 

135 

,p,meat 

0.719 
.401 

1.453 
1.208 

.947 

.734 

.408 

.YO0 

.406 

.597 

.307 
1.395 
1.167 

.921 
,707 
.398 
.Bo1 
.485 

,486 
,237 
. 3 u  
. u 5  
,882 
.678 
.381 . 900 
.574 

.374 

.169 

.210 

.060 
A28 
.638 
.350 
.985 
.659 

.277 

.1l6 

.064 

.948 

.747 
,576 
.331 
,045 
.735 

.2w 

.077 

.927 

.a40 
,677 
. 5 a  
.310 

1.109 
.a10 

6 ,  
* g  

36.3: 
25.R 
51.31 
48.7c 
42.1E 
36.31 
25.75 
36.2: 
25.8; 

32.7: 
22.22 
51.1C 
48.4: 
42. OC 
3 6 . 2 ~  
25.6: 
39.7C 
29.3C 

29.0C 
18.55 
50.2E 
47.7: 
4 1 . k  
35.7: 
25.3: 
42.95 
32.6: 

25.11 
14.8: 
48.9 
46.5: 
40.4: 
34.9: 
24.8; 
45.75 
35.8: 

21.2: 
11.02 
47.2: 
44.9c 
39.1: 
33.85 
24.U 
48.6: 
38.8: 

17.22 
7.1f 

45.0: 
42.8: 
37.4: 
32.41 
23.17 
50.9; 
41.47 

( c )  Parabolic-arc bodies; = 45O, 90°, 135O meridians 

CP 
(a) 

.3m 
1.719 

L.453 
L.344 
L.074 
3 3 7  
.L49 
.7CQ 
.380 

.597 

~ . 3 9 5  
.292 

L.290 
L.031 
.804 
,432 
.801 
.470 

CP 
( e )  

0.732 
.395 

1.273 
1.177 

.941 

.733 

.394 

.729 
.396 

.610 

1.263 
,298 

1.168 
,934 
.728 
.)91 
.851 
,500 

i.111 
.4% 

L.663 
L.503 
L.344 
1.182 
.483 

L.E 
.461 

.940 

.339 
L.578 
L.426 
L.275 
1.122 
,459 

L.195 
.547 

1.115 
.4% 

1.571 
1.420 
1.269 
1.ll8 

.457 
1.11.5 

.458 

.983 

.355 
1.561 
1.409 
1.260 
1.109 

.453 
1.239 

.561 

,794 
.244 

L.495 
1.352 
1.208 
i.063 

.435 
1.265 
.636 

(a) 

0 
.032 

0 
- . n 3  
-.1% 
-.140 
-.loo 
0 

.062 

0 
.049 

0 - . lo5 
- . n 9  
- ,137 
-.085 
0 

.031 

0 
,118 

0 
- ,078 
- .099 
- . u 4  
-.065 
0 

.017 

0 

0 
-.O% 
-.& 
-.092 
-.of59 
0 

,009 

.336 

.201 

0 

0 
- .038 
-.052 
-.064 
.006 

0 
.W8 

0 
.532 

0 
-.020 
- . o u  - .035 

.071 
0 
.w4 

,845 
,259 

1.524 
1.377 
1.231 
1.084 

.443 
1.432 

.678 

p p e a s  - C1 

Cp,meas 

(C) 

-0.018 
,015 
.124 
.026 
.006 
.001 
.034 

- .Ob1 
.025 

.374 

. l35 
~ .210  
1.119 

.a94 

.697 

.374 

.985 

.653 

-.022 
.029 
.095 

.377 

.l36 
1.187 
1.098 

.878 
,684 
,367 

1.070 
.715 

-.w1 - ,014 

.657 

.164 
L.383 
1.251 
1.118 

.984 

. b 2  

.726 
L.328 

- ,030 
,018 

-.062 

.685 

.176 
1.466 
1.325 
1.184 

.965 
,426 

1.441 
.788 

- . 031 
-.w8 

.528 

.egg 
1.246 
1.126 
1.006 

,886 
,362 

1.371 
.808 

,110 
.059 - ,015 

.%9 

.io7 
1.387 
1.254 
1.121 

.987 
,403 

1.509 
.892 

-.034 
-.Ob9 
-.w3 
- .076 
- .O57 

-.wa 

,277 
.077 

1.064 
.984 
.786 
.613 
.329 

1.045 
.729 

.I95 

.01g 
-.036 

.273 
,076 

1.124 
1.039 
.831 
.647 
.348 

1.176 
.820 

-.060 
- .072 
-.Ob9 
-.086 
-.085 

,014 

.2w 

.036 

.e57 

.534 

.927 

. a 5  

.287 
1.109 

.807 

.345 
-.056 
- .096 
-.1l2 

.183 

.033 

.$65 

.60r 

1.044 

.771 

.323 
1.257 

.915 

- . u 3  

-.125 
- . n 6  

.085 

.571 
- . u6  - .149 
-.I39 - .I55 
-.042 
- .I33 
-.lX 

- ,051 

!p,mear 

1.lll 
.433 

1.663 
1.378 
1.283 
1.144 

.437 
1.122 

.427 

.940 

.332 
1.578 
1.304 

1.084 
.420 

1.195 
,509 

,794 

.495 

.244 
,163 
,024 
.384 
.265 
.587 

.657 

. l 9 l  

.383 

.170 

.OW 

.964 

.379 

.328 
,681 

.528 

.142 
,246 
.070 
,009 
.@a5 
.353 
.371 
.759 

,407 

1.219 

.250 

.097 
1.088 

.954 
,896 
.797 
.328 

1 . 9 4  
.832 

Cp,meaa - C1 

cp 1 cp 

. b 7  .u 
1.088 1.291 

.983 1.166 

.879 1.043 

.773 .918 

.316 .375 
1.384 1.567 

(a) 

0 
- ,053 
0 
-.091 
-.048 
-.033 
- . lo6 
0 
-.& 
0 

,021 
0 
-.093 
-.046 
- .035 
-.093 
0 
-.075 

0 

0 
- . a 7  
-.039 
- ,038 
- .I33 
0 
- . a 3  

,024 

0 

0 
-.069 
-.025 
-.021 
-.061 
0 -.a 
0 

.303 
0 
- .ow 

.CQ3 
- ,001 
- .on6 
0 
- . 6 5  

0 
.495 

0 
-.OP 
.018 
.OX 
.037 

0 
-.ow 

.141 

>,meas - Cr 

Cp,meas 

( e )  

-0.004 
-.058 

.055 - ,030 

. o u  ~~ 

.023 
-.046 

.0w5 
-.073 

-.046 
-.069 
.011 
-.a1 
-.034 
- .023 
-.079 
-.037 - .114 

-.064 
- ,036 
-.019 
- .lo7 
- . o s  
- ,059 
- .154 
- .132 
- .I55 

-.043 
.079 

-.&O - .132 
-.offi 
-.m1 
-.124 
-.0b5 - .157 

- .078 
.246 - .113 

- .172 
-.1n 
- . n 5  
- .142 
- .lo1 - .175 

-a1 
.454 - .187 

-.222 
- .164 
- .152 - .143 
-.132 
-.lgo 

'''See footnotes a t  end of table ,  



TABLF 11. - HEASLTIlED AXLl 5TDAcI?CAI VALUES OF PKESSIJRE COEFFICIEiiTS FOR 

'?!lZ@X-DpIwSIOAAL AWODYNAHICULY BIUNT "ES - Continued 

45 

90 

(c) Parabolic-arc bodies; # = 45O, SOo, 135O meridians - Concluded 

38.43 .659 
19.75 .231 
71.93 1.610 

55 

55.35 
43.68 
26.08 

37.62 
55.15 

.210 

.852 

.345 
,175 
.633 

1.230 
,867 
.351 
1.224 

.677 

.555 

.097 

.555 

.426 

.222 

.%1 

.ma 

.212 
-705 

.466 

.081 
1.481 
1.358 
1.164 
.a21 
.333 

1.291 
.751 

55 

59.80 1.382 

42.22 .a54 

57.43 1.212 
39.98 .637 

53.15 1.222 

25.32 .355 

15 

M 

15 

26.27 .444 
8.37 .148 

56.48 1.275 
50.52 1.140 
40.38 .794 
24.34 .337 

60.52 1.451 

59.15 1.274 
42.70 .719 

ea = 780 ea = 90° 

Cp,meas - C :p,meas - C 
Cp,meas 

( C )  

Cp,meas 

(a) 

0 
.024 

0 
-.005 

.029 

.026 

.Ob3 
0 
-.012 

0 
.061 

0 
- .w3 

.024 

.014 
-.017 
0 
-.066 

0 

0 
.la6 

.030 

.027 

.020 

.om 
0 
- .07a 

0 
.463 

0 
.010 

- .O75 
. o s  
.081 

0 
- .074 

0 

0 
.693 

.014 

.049 

.037 

.096 
0 - .094 

0 

0 
.917 

. O P  

.066 

.055 

.132 
0 
-.061 

(a) 

.036 

~ 

0 

0 - .019 
-.a32 
-.003 
-.oca 
0 
.011 

0 
.074 

0 
- ,028 
- .078 
-.ow 

.003 
0 

. o n  

0 

0 

-.007 
-.019 

.003 
0 
-.009 

0 
-253 

0 
-.031 
-.001 
-.oca 

,017 
0 
-.005 

0 
.452 

0 
-.033 
0 
-.ma 

.005 
0 
- .io7 

.676 

.156 

-.029 

0 

0 - .044 
-.001 
-.014 

.033 
0 

.Ol3 

45 40.12 0.806 
120.921 -253 

90 63.42 1.5'42 

0.021 
.Ob2 
.Ol3 
,008 

-0.014 
.025 
.001 

- .017 
0 
- . 003 

- .053 
-.012 

-.007 

45 45.88 0.924 
27.02 .384 

90 73.85 1.679 
66.90 1.171 

45.63 ,927 
27.07 .374 

27.03 .371 

58.38 1.318 

35 45.85 2.39 

.041 

.03a 

.056 

.017 

.006 

-.oo6 
.056 

-.007 
-.009 

.ma 

-.043 45 36.50 .668 
17.33 -179 

90 62.96 1.498 
58.27 1.362 
48.20 1.075 

20.80 .234 
L35 43.58 .E91 

24.42 .%O 

39.95 .7a9 

45 42.25 .788 
23.42 ,297 

90 73.12 1.650 
66.40 1.472 
58.03 1.287 
45.42 .903 
26.97 .371 

35 49.27 .999 
30.52 .454 

.034 
1.009 
- .037 
- .017 

-.WE - ,025 
-.013 
- .083 

- .02i 
-.ma - .045 
- .011 

.659 .I951 .208/ .TO2 

..6m 1.643 

- .066 
.101 

-.020 
-.040 
-.017 
-.029 
- .010 
-.035 
-.044 

.547 . io>/ .556 .io71 

..446 1.474 

- .017 
.171 

-.019 
- .016 
- .wg 

.013 
0 

45 32.73 .547 
13.70 .I29 

57.23 1.323 
47.47 1.041 

20.55 .237 

90 61.72 1.446 

39.40 .766 

-35 46.78 1.008 
27.80 -383 

-.001 
-.07a 

.016 

.477 -.ou 
-.035 

-.061 45 28.85 .449 
10.02 .lo9 

90 59.73 1.357 
55.57 1.249 
46.28 .9a4 
38.50 .724 
20.15 .236 

3 5  49.72 1.107 
31.07 .472 

45 24.87 .343 
6.28 .075 

.198 - .017 

. O X  
-.oog 
- .017 

.Ob7 

-.017 
- ,026 
-.001 
- .Oh1 
-.074 

.161 

.541 

.0h7 

.017 

.0h7 

.039 

.064 

-.179 
- .065 

,209 
.a45 
.351 
,175 
.630 

.001 
- .072 

. 020 

.707 
- . O b  
-.063 
- .027 

.343 .336 

.a70 .94o 

.646 .697 

.198 .213 

.la1 1.207 

.596 .599 

.023 .022 

.243 1.342 

.133 1.223 
50 57.17 1.245 

53.35 1.150 
44.68 .915 
37.28 .671 
19.58 .219 

35 52.85 1.181 
34.17 .545 

- .039 
.027 - .022 

-e099 

.123 

.917 
-.m 
- . a 7  
-.Oh7 
-.057 

.029 
- .010 
-.073 

.016 1.138 

,579 .649 
-177 -198 
.242 1.259 
.683 .691 

.780 .a74 

-.052 
.163 

a,cSee footnotes at end of table. 



TABLE 11.- -D AND TH3ORETICA.L VAz(IEs OF PRESSLTRE COSFFICI"T3 FOR 

TKRGE-DPIENSI0NA.L AERODYNAMICALLY BLUNT BODIES - Continued 

a, 
*I 

0 

5 

10 

15 

20 

25 

6 ,  
aeg 

55.48 
54.12 
52.69 
47.90 
42.45 
36.64 
33.21 
30.08 
21.91 
14.77 
7.96 

60.48 
59.12 
57.69 
52.90 
47.45 
41.64 
38.21 
35.08 
26.91 
19.77 
12.96 
5.00 

65.48 
64.12 
62.69 
57.90 
52.45 
46.64 
43.21 
40.08 
31.91 
24.77 
17.96 
10.00 

70.48 
69.12 
67.69 
62.90 
57.45 
51.64 
48.21 
45.08 
36.91 
2g.n 
22.96 
15.00 

75.48 
74.12 
72.69 
67.90 
62.45 
56.64 
53.21 
50.08 
41.91 
34.77 
27.96 
a.00 

80.48 
79.12 
77.69 
72.90 
67.45 
61.64 
58.21 
55.08 
46.91 
39.77 
32.96 
25.00 

Cp,meal  

1.542 
1.480 
1 . 3 9  
1.172 
.w 
.693 
.581 
.497 
.283 
.148 
.075 

1.686 
1.600 
1.522 
1.307 
1.056 
.E53 
,731 
.635 
.389 
.219 
,121 
,044 

1.804 
1.717 
1.464 
1.231 
1.034 
.9l3 
,812 
.524 
,317 
.192 
.086 

1.818 
1.779 
1.717 
1.554 
1.341 
1.161 
1.040 
.9@ 
.645 
.403 
.257 
.l34 

1.814 

1.780 

1.653 

1.819 

1.656 
1.473 
1.299 

1.070 
,795 
.528 
.355 
. 190 
1.741 
1.812 
1.798 
1.732 
1.W 
1.435 

1.216 
.950 
.666 
.476 
.282 

See footnotes f 

CP 

(8) 

1.542 
1.491 
1.436 
1.250 
1.035 
.809 
.681 
.571 
.316 
.148 
.044 

1.686 
1.640 
1.590 
1.416 
1.208 

.983 
,851 
.735 
.456 
,254 
.m 
.017 

1.804 
1.764 
1.721 
1.565 
1.370 
1.152 
1.021 
.903 
,609 
.382 
.207 
.066 

1.818 
1.787 
1.752 
1.622 
1.454 
1.259 
1.138 
1.026 
.738 
.504 
.311 
,137 

1.806 
1.779 
1.676 
1.535 
1.361 
1.252 
1.148 
,871 
.635 
.429 
.228 

1.824 
1.805 
1.728 
1.613 
1.464 
1.367 
1.272 
1.008 
.774 
.SO 
.338 

na Of 

(d) Circular-arc bodies; 0 = 180° meridian 

ea = 66' ea = 56' 

C p , m e a s  - cp 
CP 

(b)  

1.503 
1.453 
1.400 
1.219 
1.008 
.788 
.664 
356 
.308 
.144 
.Ob3 

1.676 
1.630 
1.581 
1.408 
1.201 
.977 
.a47 
.731 
.453 
.253 
.111 
.017 

1.789 
1.750 

1.551 
1.359 
1.142 
1.014 
.896 
.604 
.379 
.206 
.065 

1.776 

1.706 

1.807 

1.741 
1.612 
1.445 
1.251 
1.131 
1.020 
.734 
.501 
.309 
.136 

1.810 
1.786 
1.760 
1.658 
1.518 
1.347 
1.239 
1.136 
.e61 
.628 
.425 
.226 

1.812 
1.797 
1.778 
1.702 
1.589 
1.443 
1.346 
1.253 
.994 
.762 
.551 
.333 

hle. 

C p , m e a s  

(8) 

0 
-.007 
-.027 
-.067 
- ,141 
- .166 - .174 
- .149 
-.1l6 
.004 
.423 

0 
- .025 
- .Ob5 
-.OB3 
-.144 
- .151 - ,165 
- .157 - .173 - ,163 
.078 
.616 

0 
- .027 
- ,041 
- .069 
- .113 
-.ll4 
- ,119 
-.112 
- .162 
- .205 -.om 
.236 

0 
-.005 
-.020 - .044 
-.a5 
-.084 
- ,094 
- .091 
-.144 - .252 
-.212 
- .021 

-.a37 
,001 
-.012 - .042 
-.048 

-.073 
-.095 - .202 
- .210 
-.a4 

-.w7 
-.004 
.002 

- .016 
-.ox) 
-.046 
-.062 - .162 
-.I77 - .198 

C p , m e a s  - C, 
C p p e a s  

(b)  

0.046 
.OM 
-.w1 
- . O b  
-.ll2 - .136 
- ,144 
-.m 
-.om 
.029 
.438 

.006 
- .01g 
-.039 
-e077 - ,138 
- .145 
- .I59 - .151 
- ,166 - ,157 

,082 
.618 

.oca 
- ,019 
-..032 
-.059 - .lo4 
- .lo5 
- ,110 
- .lo3 
-.152 
-.1% 
- .072 
.242 

.006 

.002 
- .014 
-.037 
- .078 
- . o n  
-.a7 
-.a4 
- .I37 - .244 
-.a4 - .014 
.002 
,018 
.011 
-.001 - .031 
-.036 

- ,062 - .083 - .lag - .I97 - .lgl 
- .Ob1 

.008 . Oll 

.017 
-.w1 - .005 
-.ox, 
-.046 - .145 
-.I59 - .181 

6 ,  
deb' 

65.63 
64.01 
62.01 
59.86 
53.73 
47.60 
40.43 
36.07 
31.64 
19.n 
10.45 

70.63 
69.01 
67.01 
64.86 
58.73 
52.60 
45.43 
41.07 
36.64 
24.U 
15.45 
5.00 

76.62 

69.86 
63.73 
57.60 
50.43 
46.07 
41.64 
29.U 
20.45 
10.00 

80.63 

74.01 
72.01 

79.01 
77.01 
74.86 
68.73 
62.60 
55.43 
51.07 
46.64 
34.n 
25.45 
15.00 

85.63 
84.01 
82.01 
79.86 
73.73 
67.60 
60.43 
56.07 
51.64 
39.11 
30.45 
20.00 

90.63 
89.01 
87.01 
84.86 
82.43 
75.48 
68.61 
61.07 
56.64 
44.U 
35.45 
25.00 

C p , m e a s  

1.818 
1.744 
1.613 
1.522 
1.258 
1.037 
.792 
.616 
.485 
,196 
.099 

1.818 
1.804 
1.719 
1.644 
1.407 
1.199 
.954 
.769 
.6U 
.276 
,156 
,051 

1.775 
1.818 
1.789 
1.735 
1.539 
1.344 
1.108 
.917 
.768 
.381 
.208 
.090 

1.700 
1.805 
1.821 
1.794 
1.657 
1.497 
1.275 
1.092 
.940 
.515 
.305 
.145 

1.572 
1.750 
1.808 
1.809 
1.729 
1.593 
1.393 
1.236 
1.094 
,651 
.409 
.195 

1.421 
1.650 
1.766 
1.806 
1.806 
1.727 
1.589 
1.358 
1.233 
.797 
.534 
.282 

CP 

(8) 

1.818 
1.770 
1.708 
1.639 
1.424 
1.195 
.922 
.760 
.603 
.235 
.072 

1.818 
1.780 
1.731 
1.674 
1.492 

1.037 
.882 
,727 
.341 
.145 
.016 

1.818 
1.780 
1.734 
1.582 
1.403 
1.169 
1.020 
,869 
.466 
.240 
.059 

1.289 

1.816 
1.782 
1.661 
1.507 
1.297 
1.158 
1.oll 
.602 
.353 
.128 

1.812 
1.723 
1.598 
1.415 
1.288 
1.150 
.744 
.480 
.219 

1.810 
1.726 
1.597 
1.4ll 
1.285 
,892 
.6a 
.329 

CP 

(b) 

1.808 
1.760 
1.699 
1.629 
1.416 
1.188 
.9s 
.755 
.599 
.233 
,072 

1.810 
1.772 
1.723 
1.666 
1.486 
1.283 
1.032 
.878 
,724 
,339 
,144 
.015 

1.812 
1.785 
1.747 
1.702 
1.553 
1.377 
1.148 
1.002 
.E53 
.457 
.235 
.058 

1.814 
1.796 
1.770 
1.737 
1.619 
1.469 
1.264 
1.128 

. 9 5  

.586 

.344 

.125 
1.816 
1.807 
1.792 
1.770 
1.684 
1.562 
1.382 
1.258 
1.123 
.727 
.469 
.214 

1.817 
1.817 
1.812 
1.803 
1.786 
1.703 
1.576 
1.392 
1.268 

,880 
. 6 u  
-325 

C p , m e a s  C p , m e a s  

(a) 

0 - .015 
- ,059 - .076 
- .132 
- .152 - .163 
- .234 - ,244 
-.200 
.274 

0 
.013 
-.007 
-.ox3 
-.060 
-.075 
- .087 - ,147 
- .171 
- .236 
.a59 
,694 

0 
.005 
.001 - ,028 

- .Ob3 - .O55 - .113 - .131 
- ,221 - .153 
.339 

.003 

.007 
-.w2 
-.007 - .017 
-.OS0 - .076 
-.la - .I59 . ll8 

-.002 
.004 

-.003 
- .015 
-.042 
-.051 
-.144 - .174 
-.121 

-.002 
.001 
-.a% 
--039 
-.Ob3 - .119 
- .160 - .167 

0.006 
-.oog -. 053 - ,070 
- .145 
-.157 

- ,125 

- ,227 
- .236 
.278 

- ,193 

.005 

.017 
0 
- .014 
- .O55 
- .070 - .082 
- .141 
- ,166 
- ,230 
.073 
.695 

- .021 
.018 
,024 
.01g 

- . 009 
-.024 
-.035 - ,093 
- . l lo - .I99 - .132 
.351 

- ,067 
,005 
,028 
,032 
.023 
.018 . 009 - .033 

-.048 - .138 
- .130 
.140 

- .156 
- .032 . 009 
.021 
.026 
,020 
.008 

- .017 - .027 
-.117 - .147 - .095 
-.a9 
-6101 
-.027 
.002 . o l l  
.014 
.cca - .025 

- .029 - .lo4 
- .145 
-.151 

21 



TABLE II. - WASURED AlvD TIIEOAETICAL VAIUES OF PRESSURE C O E F F I C m  FOR 

l X F E Z - m S I O m  AERODYNAMICALLY Eil". mDIEs - Continued 

Cp,meas - Cp 
Cp,meas 

(b) 

0 

0 
0 
-.001 - ,015 - .032 
-.062 
-.0b2 
- ,074 
.244 

- .012 
- .001 
-.w3 
.002 
0 
-.011 
- .024 
- .050 

- ,078 
.781 

- .007 
- .001 
.001 
,001 
.003 

-.005 
-.011 
- .039 
-.om 
-.060 
- .Ob1 
.463 

-.020 
- .011 
- . 010 
-.005 
-.CY32 
-.003 
- ,001 
- ,010 
- .030 
-.037 
-.075 
.128 

-.028 
-.ora 
- .013 
-.w6 
-.004 
-.006 
- .007 
- .Ol3 
- .022 
-.032 
- .lo7 
- .078 
- ,032 
-.016 - .014 
-.003 
.001 
.001 
.001 
0 
-.On 
-.024 
-.095 
- .lo1 

.002 

- .063 
.062 

(a)  Circular-arc bodies; 6 = 1bo meridian - Concluded 

~ 

CP 
(b) 
1.81 
1.81 
1.8c 
1.76 
1.72 
1.58 
1.35 
1.02 

.@a 

.62 

.ll 

1.80 
1.81 
1.81, 
1.80 
1.78 
1.67, 
1.48 
1.171 
1. 03r 
.7& 
.19! 
.011 

1.76( 
1.78 
1.80 
1.811 
1.81: 
L.75: 
1.59f 
1.32: 
1.19: 
.93f 
.30f 
.05: 

L .70: 
1.73: 
1.77C 
1.801 
L.817 
L ,816 
. .74€ 
. .606 
-.33s 
. .096 
.436 
.l22 

. .611 

. .652 

. ,705 
-.755 
.792 
.817 
.759 
.575 
.470 
.247 
.578 
.213 

.501 
I. 550 
1.617 
1.686 
1.743 
1.810 
1.817 
1.764 
1.587 
1.39 
.750 
.325 

ea = goo 

77.2: 
75.3: 
73.3: 
70.8 
67.2; 
60.8: 
51.6: 
42.9 
36.4: 
31.2f 
9.5: 

82.2: 
80.3: 
78.31 
75-M 
72.21 
65.81 
56.6: 
47.9 
41.4: 
36.26 
14.53 
5.00 

87.25 
85.33 
83.31 
80.68 
77.27 
70.81 
61.63 
52.98 
46.42 
41.26 
19.25 
10.00 

92.25 
90.33 
88.31 
85.68 
82.27 
75.81 
66.63 
57.98 

46.26 
51.42 

24.25 
15.00 

97.25 
95.33 
93.31 
90.68 
87.27 
83.93 
15.90 
58.12 
56.42 
51.26 
29.53 
a.00 
12.3 
m.33 
a.31 
35.68 
32.27 
38.93 
35.81 
6-63 
j7.98 
i6.26 
14.53 
z5.00 

~ 

Cppcar 

_______ 

1.818 
1.797 
1.763 
1.705 
1.610 
1.453 
1.153 
.813 
.662 
.479 
. ll5 
1.814 
1.814 
1.765 
1.771 
1.705 
1.561 
1.282 
.971 .a l l  
.&?a 
.s7 
.OS 

1.761 
1.799 
1.765 
1.804 
1.764 
1.655 
1.414 
1.138 
.571 
.746 
.235 
.OS 
1.677 
1.756 
1.798 
1.812 
1.808 
1.740 
1.553 
1.313 
1.135 
.9u 
.350 
.151 

1.571 
1.680 
1.807 
1.800 
1.813 
1.812 
1.733 
1.568 
1.273 
1.064 
.440 
.219 

L.435 
L .578 
L.798 
L .749 
L.795 
L. 813 
L.807 
L.729 
L . 5 6 0  
L . 1 9 8  
.558 
.301 

_______ 

~ 

CP 
(a) 
1.811 
1.785 
1-75: 
1.70: 
1.63 
1.45t 
1.17: .ea 
.671 
.51: 
.05: 

1.M 
1.784 
1.747 
1.68E 
1.54€ 
1.29e 
1.027 
.814 
.651 
. u7 
.014 

1.796 
1.755 
1.645 
1.428 
1.176 
.%a 
.802 
.206 
.056 

1.800 
L .723 
L.545 
L. 318 
..m 
.957 
.320 
.I23 

.a36 

.718 

.573 

.268 

.ill 

.444 

.214 

.ell 

.724 

.565 

.259 

.95 

.325 

ea = 78O 

~ 

CP 
(b) 
1.801 
1.771 
1.74: 
1.69; 
1.6~ 
1.444 
1.164 .ea: 
.67( 
.51: 
.05: 

1.81: 
1.793 
1.77( 
1.73: 
1.671 
1.536 
1.28: 
1.01: 

.8oE 

.6U . n6 

.014 

1.816 
1.8@ 
1.79: 
1.772 
1.732 
1.623 
1.409 
1.160 
.955 
.791 
.203 
.055 

1.816 
1.818 
1.817 
1.808 
1.786 
1.709 
L.532 
L.307 
L . L u  
.949 
.317 
.&22 

L .789 
L.802 
L.812 
L.818 
. .814 
-798 
..710 
-566 
. .262 
. .io6 
.442 
.213 

-736 
.760 
.780 
.800 
.815 
.818 
.808 
.721 
.%3 
.e57 
.584 
.325 

Cppeas - C: 
Cp,meas 

(a) 

0 
.005 
.005 
.002 - .010 

-.002 
- .01g 
- .092 
- .017 
- .074 
.542 

-.003 
- . o n  

-.OX? 
- .058 
- ,004 
-.070 
.300 
.758 

.w5 

.005 

.006 
- .010 
-.033 
.004 
.076 
.l24 
.419 

.004 

.010 

.005 
-.004 
.004 

-.005 
.032 
.185 

.003 

.oog 
-.003 
.004 - .044 

-.OW 
.026 

-.002 
.003 
-.w3 
-.051 
-.OM 
-.&1 

Cp,meas - C: 
Cp,meas 

(b) 

0.006 
.010 . Oll 
.Oca 
-.w4 
.003 
-.013 
-.086 
- .oll  
-.&a 
.545 

.001 

.011 
-.w2 
.022 
.018 
.016 
-.004 
-.Oh9 
.w4 

- .062 
.305 
.760 

- . 031 
-.005 
- .017 
.018 
.018 
.01g 
.w4 

- .ow 
.017 
-.&2 
.U5 
.426 

-.OB3 
- .035 
- .oll  
.W2 
.012 
.018 
.013 
.004 
.021 
.042 
.040 
.192 

- .139 
-.073 
-.003 - .010 
-.w1 
.008 
.013 
.002 
.009 
-.Oh 
-.005 
.030 

- .210 
-.ll5 
.010 
-.029 
- .on 
-.e32 
-.001 

.004 
-.m2 
-.OW 
-.Ob7 
-.& 

89.71 
87.58 
84.44 
80.67 
76.79 
68.91 
59.65 
48.55 
44.09 
35.92 
14.31 

94.71 
92.58 
89.45 
85.67 
81.79 
73.91 
64.65 
53.55 
49.09 
40.92 
19.31 
5.00 

99.71 
97.58 
94.44 
90.67 
86.79 
78.91 
69.65 
58.55 
54.09 
45.92 
24.31 
10.00 

04.71 
02.58 
99.45 
95.67 
91.79 
87.77 
78.58 
69.99 
59.09 
50.92 
29.31 
15.00 

39.71 
37.58 
34.45 
30.67 
36.79 
38.91 
19.65 
a-55 
54.09 
55.92 
54.31 
!O.W 

14.71 
L2.58 
19.45 
)5.67 
11.79 
33.91 
W.58 
'9.99 
9.09 
b.92 
i9.31 
5.00 

Cp,mea 

1.818 
1.818 
1.800 
1.770 
1.720 
1.559 
1.312 
.9= 
.813 
.582 
.147 

1.795 
1.812 
1.812 
1.811 
1.780 
1.660 
1.450 
1.120 
.976 
.723 
,212 
.&3 

1.756 
1.784 
1.809 
1.820 
1.818 
1.742 
1.580 
1.274 
1.138 
.@a5 
.296 
.lo2 

1.669 
1.714 
1-753 
1.792 
1.813 
1.8ll 
1.745 
1.590 
1.500 
1.057 
.406 
.14a 

1.568 
1.623 
1.683 
1.745 
1.786 
1.806 
1.747 
1.555 
1.439 
1.209 
.522 
.198. 

1.454 
1.525 
1.595 
1.681 
1.744 
1.812 
1.819 
1.763 
1.569 
1.356 
.667 
.e4 

~ 

CP 
(a) 
1.81 
1.81 
1.80 
1.76 
1.72 
1.58 
1.35 
1.02 
.e8 
.62 
.11 

1.8U 
1.80' 
1.78 
1.671 
1.48: 
1.17~ 
L.031 
.7& 
.19i 
.011 

L.81E 
L.81: 
L ,751 
1.596 
L.32: 
t.19: 
.93E 
.30& 
,055 

,818 
,749 
.a7 
.342 
.097 
.4j6 
.E 

.817 

.759 
-575 
.470 
.247 
.578 
.213 

.a17 

.587 

.389 
,730 
,325 

.764 

Cp,meas - C 

Cp,meas 

( a )  

0 

0 
0 - .001 - .015 
- .032 - .062 - .082 
-.074 
.244 

.002 

-.003 
.002 
0 
- .011 
-.024 
-.ow 
-.063 
-.078 
,062 
.781 

. 001 

.003 
-.005 
- . 011 
- .039 
-.om 
-.060 
-.041 

.463 

-.004 
-.002 
- .oll  
- .032 
-.038 
-.076 
.E7 

-.006 - .006 
-.013 
-.022 
-.032 - .lo7 
- .078 

.001 
0 
- .on 
-.024 
-.095 
- .lo1 

"TbSee footnotes at end of table. 
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h g  

54.31 
52.93 
51.22 
49.03 
46.81 
44.53 
42.45 
39.56 
36.51 
30.05 
21.78 
11.84 
1.35 

49.31 
47.93 
46.22 
44.03 
41.81 
37.45 
31.51 
25.05 
16.78 
6.84 

42.93 
44.31 

41.22 
39.03 
36.81 
32.45 
26.51 
20.05 
11.78 
1.84 

19.31 
37.93 
34.03 
31.81 
27.45 
21.51 
15.05 
6.78 

34.31 
31.22 
26.81 

10.05 
19.56 

1.78 

29.31 
27.93 
24.03 
19.53 
14.56 
5.05 

1.512 
1.442 
1.395 
1.300 
1.208 
1.016 

.all 

.558 

.4m 

.l26 

.020 

1.349 
1.274 

Cp,meas 

1.499 
1.423 
1.309 
1.197 
1.126 

.983 

.E93 

.782 

.679 

.478 

.270 . 113 

.035 

1.294 
1.231 
1 . l l 7  

.983 

.940 
,706 
.513 
.344 
.182 
.062 

1.133 
1.075 

.969 

.a27 

.775 

.56k 

.390 

.248 

.m 

.029 

,959 
.930 
,661 
.5% 

,278 
,162 
.067 

.425 

.781 

.641 

.451 

.248 
,106 
.036 

.620 

.591 

.390 .w 

.172 

.069 

1.598 
1.524 
1.474 
1.374 
1.276 
1.074 

.a57 

.590 

.443 

. l j 4  

.022 

1.423 
1.344 

CP 
(a) 

1.4% 
1.447 
1.381 
1.296 
1.208 
1.ll8 
1.035 

.g22 

.eo4 

.570 

.313 . 0% 

.w1 

1.294 
1.241 
1.174 
1.087 
1.001 

.832 

.615 

. b 4  . 188 
,032 

1. I33 
1.077 
1.008 

.921 

.a34 

.668 

.463 

.273 

.097 

.w2 

.959 

. go4 

.757 

.664 

.525 
,321 
.161 
.033 

,782 
.661 
.501 
.276 
.075 
.w2 

.620 

.w 

.429 

.289 

.164 

.020 

.Bo1 

.727 

.670 

.W 

.425 

. 2 E  

.029 

ea = So 

.@€€I 

.780 

.729 

.631 

.156 

.m 

.031 

c, 
( C )  

1.460 
1.409 
1.345 
1.262 
1.177 
1.089 
1.008 

.898 

.784 

.555 

.305 

.093 . w1 
1.273 
1.220 
1.154 
1.069 

.984 

.818 

.616 

.397 

.185 

.031 

1.080 
1.027 

.961 

.878 

.795 

.637 

.441 

. s o  

.092 

.w2 

. @39 

.836 

.693 
,615 

.298 

.470 

.149 

.031 

.703 

.595 

.450 

.248 

.067 

.w2 

.531 

.4&i 

.367 

.247 

.140 

.017 

(e) CircuLar-arc bodies; @ = 00 meridian 

ea = 66O 

%,=as - 0, 
%,meas 

(8) 

-.017 
- .055 
-.a2 
- .073 

r -.137 -. 160 - .179 - .185 - .I93 
- .I57 

,177 
.%4 

0 
-.w7 
-.051 
- .io6 
-.064 
-.1n 
-.2w 
-.173 - ,029 

.487 

0 

0 
-.w2 - .041 
- . l l 2  
- .076 
- .184 
- .187 
- .lo2 

.1g1 

.917 

0 
.028 - .145 

- . n 5  
-.235 - .154 

.007 

.504 

0 
- .031 - .log 
-.1ll 

.293 

.934 

0 
.040 
-.OW 
-.Os1 

.051 

.711 

0.026 
.010 

- .028 - .054 
-.Ob5 
-.lo8 
-.12g 
-.148 
- .I55 - .161 
-.lJO 

.I77 

.971 

.Ol6 

. w 9  - ,033 
-.a7 - .Ob7 
- .I59 - .201 
- .154 - .016 
.m 
.Ob7 
.Ob5 
.008 

-.062 - .026 
-.l2g - .131 
-.048 

.233 

.931 

.072 

.lo1 
-.om 
- ,032 
-.lo6 
- .072 

. O b  

.537 

,103 
.072 
.w2 

0 
.368 
. 9 U  

.144 

.178 

.059 

.075 

.le6 

.754 

a, 
de8 

0 

5 

10 

15 

20 

25 

8 ,  
des 

63.91 
61.76 
60.33 
57.56 
54.94 
49.60 
43.85 
36.36 
31.82 
19.34 
10.71 
2.14 

58.91 
56.76 
55.33 
52.56 
49.94 
44.60 
38.85 
31.36 
26.82 
14.34 
5.71 

53.91 

50.33 
47.56 
42.22 
566.75 
30.57 
21.82 

9.34 

48.91 
46.76 
45.33 
42.56 
37.22 
31.75 
25.57 
16.82 
4.34 

43.91 
41.76 
40.33 
37.56 
32.22 
26.75 
20.57 
ll.82 

38.91 
36.76 
35.33 
32.56 
27.22 
18.85 
6.82 

51.76 

Cp,meas 

1.654 
1.602 
1.537 
1.428 
1.303 
1.ll1 

.926 

.644 
I502 
,213 
.1w 
+037 

1.512 
1.453 
1 . 9 4  
1.265 
1.139 

,934 
,749 
.498 
.374 

.O% 

1.349 

.145 

1.283 
1.215 
1.093 

.%9 

.688 

. 5 E  

. 2 b  

.094 

1.178 
1.106 
1.043 

.918 

.714 

.545 

.388 

.056 

.988 

.913 

.858 

.7b 

.555 

.413 

.281 

.l34 

.eo1 

.724 

.681 

.577 

.415 

.248 . 089 

.192 

1.178 1 1.238 
1.101 1.156 

.988 1048 
,911 1 1967 

.a54 .269 

.o% I .091 

Cp,mees - Cp 
Cp,meas 

(a) 

0 
.007 

- .w7 
-.023 - ,054 
- .070 - .063 
- .118 - .016 
-.055 
.291 
.924 

0 
,007 

-.008 
- .027 
- .060 
-.ow 
-.083 
- .121 
- .122 
.131 
.648 

0 
.007 

-.007 - ,029 
-.073 
-.075 
-.Ob3 
- .016 

.42l 

0 
.005 
-.006 
-.033 
-.062 
-.054 

. w 3  

.095 

.7@3 

0 
.w2 

-.w2 
- .032 
-.052 
-.ma 

.097 

.357 

-.w4 
.004 - .019 

- .024 
.147 
.678 

0 

-0.062 
- .056 
-.070 
- .087 
-.120 
- .137 - ,129 
- . l ag  - .205 
-.122 
.250 
.919 

- .O57 
- .Ob9 
-.065 
-.086 
-.120 
- ,150 - .144 
- .184 
- ,184 

.076 

.621 

-.055 
-.om 
-.063 
-.& 
- .132 
-.134 
-.loo 
-.075 

.394 

- .051 
- .Oh5 
- .056 
-.O% 
- .116 - .io6 
-.046 

.7% 

-.&O 
-.059 
-.064 
-.095 
-.115 
-.m 
.0b3 
.321 

- .074 -.on 
-.070 
-.094 
-.OS 

.085 

.652 

.052 

'rcSce footnotes et end of table. 
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TABLE 11.- MEAsuIlED AND THEOETICAL VALUE OF FESSLTRE COEFFICIENTS FOR 

TRREE-DIMENSIONAL AERODYNAMICALLY BLUNT BODIES - Continued 

CP 

(a) 

1.798 
1.760 
1.714 
1.641 

6 ,  
de6 

__ 
75.22 
73.04 
70.75 
67.46 
64.19 
57.23 
49.93 
43.15 
37-05 
31.85 

9.90 
2.26 

70.22 
68.04 
65.75 
62.46 
59.19 
52.23 
44.93 
38.15 
32.05 
26.85 

4.93 

65.22 
63.04 
60.75 
57.46 
54.19 
47.23 
39.93 
33.15 
27.05 
21.85 

60.22 
58.04 
55.75 
52.46 
49.19 
42.23 
34.93 
31.58 
22.05 
16.85 

55.22 
53.04 
50.75 
47.46 
44.19 
37.23 
29.93 
23.15 
17.05 
11.85 

50.22 
48.04 
45.75 
42.46 
75.87 
28.72 
21.58 
12.05 

CP 

(e )  

1.776 
1.738 
1.694 
1.621 

Cppeas 

~ 

1.798 
1.748 
1.693 
1.613 

1.365 

.a33 

.680 

.502 

.114 

.052 

1.522 

1.085 

1.718 
1.639 
1.564 
1.468 
1.359 
1.208 

.925 

.673 

.533 

.380 

.070 

1.594 
1.494 
1.409 
1.305 
1.185 
1.040 

.777 

.545 
,412 
.280 

1.472 
1.354 
1.266 
1.154 
1.028 
.881 
.644 
,516 
.316 
.m6 

1.314 
1.190 
1.107 

.987 

.e69 
. .713 .w 

.326 

.232 

.145 

1.131 
.998 : 
.932 
.804 
.616 
.485 

.167 

.298 

1.559 
1.360 
1.126 

.912 

.6g8 

.536 

.057 

.003 

ea = 78O 

1.540 
1.344 
1.113 

.889 

.690 

.529 
,056 
.003 

1.718 
1.668 
1.606 
1.525 
1.431 
1.212 

.967 

.752 

.546 
,396 
.014 

1.682 
1.634 
1.580 
1.494 
1.401 
1.1% 

.948 
,725 
.535 
.388 
.014 

1.472 
1.407 
1.319 
1.229 
1.119 

,883 
,641 
,536 
.275 
.164 

1.594 I 1.566 
1.536 1.~12 

1.431 
1.368 
1.298 
1.195 
1.088 

-858 

::E: 1 ::$ 
1.272 1.249 
1.042 I 1.024 

.797 .783 

. b o  .393 

.589 1 .568 

.267 1 .263 

1.314 
1.243 
1.148 
1.057 

.946 

.713 
,485 

.167 

.082 

~ . 1 3 1  
1.059 . 960 
.e73 
A57 
.442 
.259 
.083 

.310 

.623 

.521 

.268 

.160 

.282 
,213 
.I39 
,032 
.923 
.6% 
.473 
.294 
.163 
.om 
.l22 
.050 
.975 
.866 
.652 
.439 
.257 
,083 

( e )  Circular-arc bodies; 6 = Oo meridian - Concluded 

e, = goo 

Cp,meas - Cp 
Cppeas 

(a) 

0 
-.w6 
- .013 
-.017 
- .024 

.004 
- .038 - ,085 
-.027 
- .067 
.501 
.942 

0 
- .018 
- . o q  
-.039 
- ,053 
- .w3 
-.046 
- .117 - .024 
- .042 

.799 

0 
- .028 
-.037 

- .073 
-.w1 - .025 
- .082 

.029 

.044 

0 - .039 - .Oh1 
-.064 
- .089 
-.w2 

.005 
-.039 

.=7 

.204 

0 
- .ou  
- .037 
-.071 
-.OB9 
0 

.045 

.OW 

.277 

.435 

-.061 

-.067 
-.OB9 

.499 

0 

-.030 
-.OB5 

.I31 

Cppeas - Cp 
Cp,meas 

(e )  

0.012 
.006 

-.002 
-.m5 
-.012 
.015 

- .026 - ,067 
-.014 
- .054 

.509 

.942 

.021 

. w 3  
- .010 
-.018 
- .03l 
.010 

- .025 
- .of7 
- .w4 
- ,021 
.8w 

,018 
-.w5 
- .026 
- .034 
- .054 

.015 

.008 
-.Ob2 

,047 
.061 

.028 - ,010 
- .025 
- .036 
- . o s  

.026 

.033 - ,010 
,152 
.223 

.024 
- .01g 
- .029 
-.046 
-.O62 

.024 
,069 
.098 
.297 
,448 

.ma 
-.052 
-.046 
-.077 
-.058 

.095 

.138 

.503 

6, 
de6 

87.32 
84.65 
81.78 
78.83 
74.69 
71.15 
62.29 
53.42 
44.05 
35.80 
14.15 
2.47 

82.32 
79.65 
76.78 
73.83 
69.69 
66.15 
57.29 
48.42 
39.05 
30.80 
9.15 

77.32 
74.65 
71.78 
68.83 
64.68 
61.15 
52.29 
43.42 
34.05 
25.80 
4.15 

72.32 
59.65 
56.78 
53.83 
59.69 
j6.15 
47.29 
38.42 

20.80 

57.32 
S4.65 
51.78 
j8.83 
54.69 
j1.15 
$2.29 
33.42 
24.05 
L5.80 

52.32 
59.65 
j6,78 
j3.83 
$9.69 
6 . 1 5  
37.29 
!8.42 
19.05 

29.05 

Cp ,meas 

1.817 
1.804 
1.779 
1.751 
1.682 
1.613 
1.385 
1.128 

.829 

.595 

.157 

.052 

1.775 
1.745 
1.699 
1.653 
1.566 
1.484 
1.229 

.962 

.671 

.462 

.lo8 

1.717 
1.667 
1.601 
1.545 
1.439 
1.344 
1.078 
.a l l  
.545 
.354 
.069 

1.616 
1.554 
1.479 
1.417 
1.302 
1.204 

.932 
,673 
.425 

1.506 

,270 

1.431 
1.347 
1.277 
1.157 
1.054 

.774 

.534 

.316 

.3m 

.317 

.238 

.I36 

.014 

.goo 

.638 

.420 

.235 

.184 

CP 

(a) 

1.817 
1.805 
1.784 
1.753 
1.694 
1.631 
1.427 
i. 17-74 

.880 

.623 
,109 
,003 

1.775 
1.749 
1.713 
1.667 
1.590 
1.512 
1.280 
1.011 

,717 
.474 
.046 

1.717 
1.677 
1.627 
1.568 
L.474 
1.385 
1.129 
.a42 
.565 
.342 

1.616 
1.564 
1.503 
1.433 
t ,326 

.009 

1.227 
.961 
.687 
. 4 a  
.224 

t .506 
1.444 
1.375 
1.294 
1.177 
L.072 
.800 
.536 
.294 

L. 388 
L.354 
!.273 
- .153 
. ,029 
. 9 a  
.649 
,401 
,188 

.131 

CP 

( C )  

1.813 
1.801 
1.780 
1.749 
1.690 
1.627 
1.424 
1.172 

.878 
,622 
.lo9 
. w 3  

1.786 
1.759 
1.723 
1.677 
1.599 
1.521 
1.287 
1.017 

.721 

.477 

.046 

1.731 
1.691 
1.640 
1.581 
1.486 
1.396 

.a49 

.344 

1.138 

.570 

.010 

1.652 
1.599 
1.536 
1.465 
1.356 
1.255 

.982 
,702 
.429 
.229 

1.548 
1.485 
1 . 4 l l  
1.331 
1.210 
1.103 

.823 

.551 

.302 

.135 

1.427 
L .354 
L.273 
1.185 
1.058 
.946 
.667 
.412 
.194 

Cp,meas - Cp 
Cp,meas 

(a)  

0 
-.001 
-.mj 
-.w1 
-.007 
- .011 
-.031 
- ,041 
-.062 
-.048 

.308 

.936 

0 
-.w3 
-.008 
-.ma 
- .015 
- .Ol9 
- .042 
- .051 
-.070 
- .026 

,578 

0 
-.w6 
-.016 
- ,015 
-.024 
- .030 
- ,047 
-.039 
- .205 

.035 

.863 

0 
- .007 - .016 - .012 
-.019 
-.Ol9 
-.031 
- ,021 

,014 
,137 

0 
- .009 
- .019 
-.014 
- .017 - .018 - ,034 
L.005 

.069 

.286 

0 
-.010 
- .023 
- ,038 
-.015 
-.022 - ,018 

.047 

.159 

( e )  

0.002 . w1 
0 
.001 

- .005 
- .w9 
- ,029 - .039 
- .060 
-.046 

.309 

.936 

- .006 
- ,008 
- ,014 
-.014 - .021 - .025 
- .047 
- .056 
-.076 

.576 

-.oca 
-.014 
- .024 
- ,024 
-.033 
-.039 

- ,047 
- .047 

.027 

.861 

- .022 
- .029 
-.038 
-.034 
- .042 
- ,042 
- ,054 
- .Oh3 
-.ma 

.150 

- .028 -. 038 
- .Ob7 
-.0b2 
-.046 
-.0h7 
-.064 
- .033 

.0b3 

.266 

- .028 
-.038 
-.023 - .Ob3 
- .Ob3 
-.051 
- .047 

.020 

.177 

- ,032 

- .056 

:p,meas - Cp I Cp,meas 

a c  ' See footnotes at end of table. 
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, 
eg 

0 

5 

k ' ~  6 ,  
deg deg 'pJmeas 

45 47.99 1.193 
39.65 ,799 

90 54.07 1.543 
52.77 1.453 
50.17 1.318 
47.68 1.216 
39.55 .e29 

135 48.02 1.203 
39.66 .825 

45 44.35 1.019 

90 53.77 1.471 
52.47 1.387 
49.90 1.264 
47.45 1.164 

135 51.42 1.304 
43.10 .914 

36.03 ,655 

39.37 ,788 

.882 
,542 
1.415 
1.334 
1.218 
1.122 
.759 
1.393 
1.031 

.696 
,406 

1.281 
1.216 
1.110 
1.021 
.689 
1.401 
1.071 

.539 
,294 
1.147 
1.091 
1.008 
,924 
,625 

1.136 

.406 

.214 
1.004 
. 960 
,893 
.a34 
.576 
1.437 
1.188 

1.424 

> 
eg 

0 

TABU 11.- MEASURED AND THEOHETICAL VALUES OF PRESSURE COEFFICIENTS FOR 

THREE-DIMENSIONAL A E R O D Y N M C W Y  BLUNT BODIES - Continued 

k ' ~  6, 
deg deg Cp,mear 

45 51.71 1.190 
41.49 .857 

90 63.83 1.731 
61.95 1.622 
57.33 1.421 
53.87 1.277 
43.98 .935 

135 51.55 1.195 
41.45 .837 

(f) Circular-arc bodies; @ = 45O, 9oo, 135O meridians 

1.193 
,880 
1.543 
1.491 
1.387 
1.287 
.954 
1.203 
.887 

ea = 56' 

1.222 
,901 
1.451 
1.403 
1.305 
1.210 
.a97 
1.223 

.932 

5 11.019 11.082 I 45 48.05 1.055 
37.87 ,717 

90 63.40 1.696 
61.55 1.596 

53.57 1.255 
43.77 .914 

135 54.93 1.292 
44.88 .939 

56.98 1.397 

0 - .001 
0 - .026 - ,052 
-.058 - .151 
0 
-.075 

0 

5 

0 

5 

0 - .LO2 
0 - .025 - ,047 - .054 
-.I55 
0 - ,090 
0 
-.loo 
0 - ,025 - ,044 - .052 - ,153 
0 - ,066 

0 
-.094 
0 - ,019 
- ,038 - ,047 - ,143 
0 - .063 

0 
- ,089 
0 

- ,023 
- ,134 
0 
- ,047 

- .016 
- ,036 

45 40.52 
32.27 

90 52.88 
51.63 
49.25 
46.75 
38.83 

135 54.52 
46.32 

45 36.53 
28.38 

90 51.45 
50.27 
47.87 
45.58 
37.95 

135 57.18 
49.23 

45 32.43 
24.42 

90 49.55 
48.43 
46.18 
44.02 
36.75 

135 59.35 
51.80 

45 28.27 
20.37 

90 47.22 
46.18 
44.08 
42.08 
35.25 

135 60.88 
53.95 

0 
- ,023 

0 

5 

0 
- .011 
- .011 
- .005 - .078 
0 
- .036 

45 44.18 ,915 
34.08 ,594 

90 62.12 1.619 
60.35 1.527 
56.00 1.343 
52.70 1.209 
43.15 .882 

135 57.95 1.370 
48.07 1.043 

45 40.15 ,767 
'50.18 ,485 

-0.024 
-.E7 
,059 

0 

5 

,035 
,010 
,004 

42.13 .836 
135 60.48 1.442 

50.95 1.136 

45 36.00 .614 
26.20 ,371 

90 57.50 1.368 
56.03 1.314 
52.30 1.152 
49.37 1.039 
40.73 ,754 

135 62.42 1.451 
53.45 1.175 

45 31.82 .471 
22.10 ,272 

90 54.4'5 1.198 

- .082 
- .016 
- .093 

.614 

1.368 
1.323 
1.203 
1.108 
,819 

1.192 

.471 

.241 
1.198 
1.19 
1.054 
,970 
,717 
1.449 

.347 

1.451 

1.226 

- ,062 

.753 

.425 
1.549 
1.498 
1.364 
1.255 
,928 

1.406 

,605 
,308 
1.442 
1.394 
1.268 
1.167 
,863 
1.744 

1.711 

1.479 

- ,171 
,021 

- ,004 
- ,025 

. 

135 

-.032 

53.G 1.155 
49.72 1.026 
47.05 ,922 
39.00 ,678 

55.48 1.205 
63.48 1.449 

- ,129 
- .037 - ,130 
- ,058 
- ,164 

,006 
- ,020 
- .Ob3 
-.046 
-.146 
- .054 
- .123 
- ,126 
- ,232 
- .057 
- .076 
- .096 
- .io6 
- .215 
- .116 
-.le6 

- .182 
- ,286 
- .118 
- ,136 

- .267 

- .143 
-. 157 
-.l% 
- ,203 
- ,222 
- ,252 
- ,187 
- .zoo ~. 
- ,199 - .192 
-.2& 
- .I75 - ,218 

1 90~~0.12~ 58.48 1.536 1.445 

51.28 1.146 
54.40 1.272 

,915 ll.058 I 

Cp ,mea6 

(8) 

0 

0 
,011 

- .032 
- ,072 
- .098 
- .lo8 
0 
-.OW 

0 
-.m2 
0 
- ,027 
- .068 
- ,094 
- ,111 
0 
- ,022 
0 
,003 

.025 
-.&o 
- .084 
-.075 
0 
- ,012 

0 
,037 

0 
- .024 
- .058 
- ,081 
- ,096 
0 
- . o n  
0 
- ,065 
0 
-.OO7 
-.044 
- .066 
-.O% 
0 
- ,014 

0 
- ,114 
0 
-.m3 
- .026 

0 

- .052 
- .058 
0 
- ,017 

~ 

p,meas - Cp 
Cp,meas 

( e )  

-0.128 
- ,116 
-.046 
- ,014 
- .087 
- .113 
- ,124 
-.117 - .141 
- .142 
- .145 
- ,027 
-.055 
- ,096 
- .124 
- ,140 
-.u9 
- ,155 

- ,156 
- .152 
-.051 
- ,077 - ,115 
-.lb ~. 
- ,155 - ,142 
- .156 
- ,181 
- ,136 

- .096 
-.071 

- ,132 
- .157 - .172 
- ,144 
-. 157 
- ,226 
-.146 
- ,132 
-.140 
- ,184 
- ,208 
-.231 
-. 179 
- .197 
- .285 
- ,132 

- ,236 
- ,266 
- .273 - ,204 - .227 

- .204 
- ,207 

aJcSee footnotea at end of table. 



TABLE 11. - MFASJPXD AND T8EOWT'ICAL VALUES OF PAESSURE COEFFICIEliTS FOR 

IIIRgE-DIMWSIONAL AER0MNAMICAIL.r BLURT BJDIES - Concluded 

- 
I> 
del 

4: 

gc 

- 

13: 

4: 

gc 

135 

45 

go 

135 

45 

go 

135 

45 

90 

135 

45 

90 

L35 

- 

63.73 
55.89 
75.28 
73.15 
67.10 
63.97 
55.85 
63.96 
55.88 

60.00 
52.22 
74.47 
72.45 
56.58 
53.53 
55.53 
57.25 
59.23 

55.97 
4a.28 
72.27 
70.48 
55.12 
52.23 
34.58 
59.83 
52.15 

j1.73 
A.20 
59 .10 
57.60 
52.85 
50.22 
j3.07 
71.48 
54.47 

b7.37 
59.95 
5 . 3 5  
54.07 
i9.95 
i7.60 
i l  .05 
'1.88 
56.00 

b2.W 
ig.22 
i1.23 
io. 17 
6.60 
,4.53 
8.60 
'1.00 
16.63 

~ 

:p ,meas 

~ 

1.524 
1.330 
1.807 

1.621 
1.537 

1.535 
1.329 

1.392 

1.768 
1.729 
1.590 
1.506 
1.3W 
1.5% 
1.397 

1.243 
1.067 

1.768 

1.328 

1.207 

1.691 
1.655 
1.527 
1.447 
1.249 
1.636 
1.460 

1.106 
.929 

1.592 
1.563 
1.454 
1.374 
1.186 
1.658 

. 9 b  

.777 
1.453 
1.429 
1.342 
1.272 
1.09 
1.643 
1.531 

.766 

.618 
1.284 
1.265 
1.2ll 
1.147 

.992 
1.588 
1 . 5 9  

1.518 

_______ 

(f) Circular-arc bodies; 6 = 45O, goo, l j g O  meridians - Concluded 

ea = 7 8 O  

CP 

(a) 

1.521 
1.m 
1.80. 
1.77( 
1.63: 
1.56~ 
1.32: 
1.53: 
1.30: 

1.39: 
1.15: 
1.76t 
1.731 
1.60: 
1.526 
1.291 
1 . 5 9  
1.3% 

1.24: 
1. OOE 
1.691 
1.6% 
1.534 
1.U 
1.23E 
1.636 
1.451 

1.106 
37: 

1.59: 
1.555 
1.444 
1.374 
1.166 

1.502 

.940 

.717 
1.453 
1.423 

1.254 
1.064 
1.643 
1.518 

1.65e 

1.318 

.766 

.562 
1.284 
1 .257 
1.164 
L . 1 0 8  
.940 

L . 5 8 8  
L.497 

%omputed by using generali 
sin26 cp = Cp,- -. 

si#& 

CP 

( e )  

1.30: 
1.521 

1.77f 
1.7k  
1.61: 
1.53' 
1.301 
1.534 
1.30; 

1.42: 
1.187 
1.764 
1.721 
1.M 
1.52: 
1.29: 
1.616 
1.40: 

1.305 
1.055 
1.724 
1.688 
1.564 
1.488 
1.262 
1.674 
1.485 

1.171 
.924 

1.658 
1.624 
1.504 
1.431 
1.214 
1.708 
1.547 

1.028 
,783 

L.570 
1.537 
1.424 
L.355 
L .149 
t.716 
t.586 

.e& 

.760 
L . 4 6 0  
L.430 
L.324 
L.260 
L.069 
t.699 
L . 6 0 1  

:p,meas - Cp 
Cp,meas 

(a) 

0 
.023 

0 
-.001 
- f011 
- .015 
.004 

0 
.020 

0 
.Ob 

0 
- .001 
-.we 
-.013 
.005 

0 
.008 

0 
.055 

0 
-.W1 
- . w 5  
- .OD9 

.009 
0 

,006 

0 

0 
.061 

.003 

.007 

.017 
0 

0 
. ou  

0 
.077 

.W4 

.018 

0 

.014 

.030 
0 

.008 

0 

0 
.Ogl 

.006 
-039 
.034 
.052 

. Oll 0 

:p,meas - Cj 
Cp,meas 

(C) 

-0.003 
.02l 
.016 
.014 
.006 
.002 
.020 
.001 
.Ox) 

- ,024 
.017 
.002 
.w1 

-.m6 
- .oll  
-.c& - .Ol3 
-.O& 

-.om 
.007 

- .020 
- .020 
-.024 
- .028 
- .010 - .023 
- .017 

-.059 
.005 

- ,041 
- .039 
-.034 - .041 
-.024 
-.030 - .01g 

- .094 
-.008 
- ,081 
-.076 
-.&1 
- .065 
-.046 
-.044 
-.036 

- .149 
-.2W - .137 _ .  - .130 
-.093 
-.099 - .078 - . o io  
-.058 

I: 
de( 

4: 
9( 

13: 

4: 

gc 

13: 

4: 

gc 

L3: 

45 

go 

L35 

45 

90 

.35 

45 

go 

.35 

L form of Newtonian theory with the maximum 

6 ,  
deg 

72.76 
63.5: 
87.2C 
04.3; 
76.54 
72.0: 
63 .k  
72.54 
63.21 

68.9: 
59.R 
84.27 
82.45 
75.6: 
72.13 
62.91 
75.65 
66.55 

64.72 
55.77 
79.65 
78.52 
73.28 
70.20 
51.72 
77.50 
59.20 

50.27 
51.55 
74.75 
73.98 
59.95 
57.35 
59.73 
17.52 
70.92 

55.67 

59.82 
59.25 

53.87 
j7.17 
75.68 
71.45 

50.9 
W .70 
54.85 
54.40 
h.82 
i 9 . 9  
i4.13 
12.60 
'0.70 

.essul 

$7.17 

x . 0 5  

,p ,mea 

1.639 
1.423 
1.806 
1.791 
1.708 

1.431 

1.417 

1.544 

1.783 

1.646 

1.633 

1.306 

1.766 
1.686 

1.685 

1.622 
1.404 

1.493 

1.429 
1.178 
1.733 
1.719 
1.643 
1.579 
1.369 
1.718 
1.566 

1.W5 
1.044 
1.648 
1.632 
1.500 
1.500 
1.308 
1.714 
1.600 

1.165 
.go2 

1.549 
1.530 
1.466 
1.411 
1.219 
1.678 
L.596 

.766 
L. 434 
L.421 
L. 361 
L.305 
t.131 
L. 625 
L.584 

1.030 

ea = 900 

CP 

1.635 
1.44C 
1.806 
1.792 
1.712 
1.652 

1.633 
1.432 

1.544 
1.325 
1.783 
1.770 

1.447 

1.690 
1.631 
1.429 
1.685 
1.511 

1.429 
1.195 
1.733 
1.719 
t.642 
1.585 
1.388 
L. 718 
L .575 

L.305 
L. 062 
t.648 
L .636 
L .563 
L.508 
1.321 

t.606 

1.165 
.919 
! .549 
- .538 
. .46g 
. .418 
. ,242 
..678 
. .606 

.784 
. .434 
. .424 
..360 
. .312 
. .149 
. .625 
-589 

L. 714 

..030 

CP 

1.63 
1.45' 
1.811 
1.804 
1 . 7 2 ~  
1 .66~  

1.65' 

1.58: 
1 . 3 3  
1. 80( 
1.78' 
1.706 
1.6% 
1.44: 
1.7oC 
1.53C 

1 . 4 8 6  
1.24: 
1.755 
1.74t 
1.66E 
1 . 6 1 ~  
1.41C 
1.73: 
1.585 

1.371 
1.11: 
1.69; 
1 . 6 8 ~  
1.604 
1.548 
1.3% 
1.733 
1.624 

1.240 
.978 

1.601 
1.590 
1.518 
1.465 
1.284 
1.707 
1.634 

1 .49  

1.4% 

1.098 
.836 

1.490 
L .479 
L.412 
L .363 
L. 194 
t.655 
LAX, 

0 
- . O Z  
0 
-.001 
-.002 - ,004 
- .o l l  
0 
-.011 

0 
- .015 
0 
-.W2 
- .002 
-.m6 
- ,017 
0 - .012 

0 
-.014 
0 
0 
.001 - .004 

-.014 
0 
-.O& 

0 
- .017 
0 
-.003 
-.042 
-.W5 
- .010 
0 
-.004 

0 
- .019 
0 
-.W5 
-.m2 - .005 - .018 
0 
-.006 

0 
-.024 
0 
-.002 
.001 

- .m5 
- .oi6 
0 
-.003 

Ip,meas - Cp 
Cppeas 

(C) 

-0.012 - .024 
-.005 
-.W5 
- . w 7  
-.ma 
- .016 
-.013 
-.023 

- .025 
-.Ob - .010 
-.ow 
-.012 
- ,015 
- .027 
-.013 
- .025 

-.Ob 
- .O55 
- .015 
-.015 
- .015 - .01g 
-.OW 
-.009 - .015 

-.051 - ,068 - .027 
-.029 
-.069 
-.032 
-.035 
- .o l l  - .015 

-.064 
-.084 
- ,033 
-.039 

- .038 -. 053 
-.017 
- .023 

-.036 

-.&5 
- .092 
-.039 
-.Ob 
- .038 
-.0b5 
-.OS 
- .01g 
-.023 

:oefficient at its actual location on each surface, 

komputed by using generallzed form or Newtonian theory with the maximum pressure coefficient on the lao meridian at ita geometric 
location, Cp = Cp,- sin26 . 

sin2h,geom 
CComputed by using generalized form of Newtonian theory vith both the maximum pressure coefficient and apex half-angle at a = Oo, 
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(a) Parabolic-arc models. 

(b) Circular-arc models. 

(c) Conical models. L-61-1216 

Figure 1.- Photograph of three-dimensional aerodynamically blunt bodies. 
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L-61-1203 
Figure 2.- Photograph of three-dimensional aerodynamically blunt model on a gooseneck support. 



Axis of rotation -i- 
4 7 1 Angle-of-attack drive system Coupling 

t 

Figure 3.- Schematic diagram of model support system. 



w 
0 8. de3 

0 0  
0 45 o w  
a us 

%---- a 
h - -- 

&%A L 

- 0 . 1 5 ~  
.... -. . e---- 

a .  100 

r\ P 

8 
. .  B 

0.50  
... - .. . . .  ... 

_ -  

?&-+-I= 

Figure 4.- Pressure distributions of three-dimensional parabolic-arc bodies. 
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Figure 5.- Pressure distributions of three-dimensional circular-arc bodies. 
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w w 

0, = 56' 

ea = 56' 

8, = 56' 

ea = 66' ea = I 8 0  0, = 90' 

(a) Parabolic-arc models. 

8 ,  = 66' e = I80 e, = 900 

(b) Circular-arc models. 

(c) Conical models. L-64-4800 

Figure 7.- Schlieren photographs of three-dimensional aerodynamically blunt bodies at Oo angle of attack. 
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Figure 8.- Comparison of measured and predicted pressure coefficients on 180° meridian for aerodynamically 
blunt bodies. 



w u aerodynamically blunt bodies. 
Figure 9.- Comparison of measured and predicted maximum pressure coef f ic ien ts  on Oo meridian f o r  
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Figure 10.- Comparison of geometric and actual slopes at which maximum pressure occurred for various angles of 
attack on parabolic-arc and circular-arc bodies. 
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Figure 11.- Comparison of pressure d i s t r ibu t ions  of cones a t  constant def lect ion angles. 
Sol id  symbols a re  f l a t - p l a t e  data from reference 8. 
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Figure 11.- Concluded. 
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Figure 12.- Correlation of pressure distributions with generalized Newtonian theory for 
three-dimensional bodies having curved surfaces. 
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Figure 12.- Continued. 
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Figure 12.- Concluded. 
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